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ABSTRACT
Reef-dependent and reef-associated communities found on oil and gas platforms in the
Gulf of Mexico occur in high densities and are species rich. Platforms may impact nearby
communities through the introduction of benthic primary producers and by altering biological
and environmental factors that may create influential gradients associated with these structures.
To quantify the presence and effective distance exerted by such gradients, reef-dependent and
reef-associated communities were analyzed in two ways: (1) community patterns of abundance
and diversity were compared near and far from platforms; and (2) a food-web tracer was used to
indentify basal resources from platforms used by consumers. Demersal and benthic
communities, along with environmental gradients, were sampled 0.25 and 1.5 km from four
operational platforms in the Gulf of Mexico. No distance effects were observed in demersal or
benthic communities, metals concentration, organic carbon content of the sediment, or sediment
particle size. A distance effect was detected in the abundance of Micropogonius undulatus
(Atlantic croaker) and Centropristis philidelphica (rock sea bass). Prey depletion near platforms
(i.e., a foraging halo) was not observed for potential demersal prey items of Lutjanus
campechanus (red snapper) or in the benthic community. Reef-dependent communities at two
platforms were sampled via SCUBA and analyzed using stable isotopes to determine the role of
benthic algae from platforms in the diets of reef-dependent and reef-associated communities.
Partial contributions of red algae endemic to platforms were observed in the crabs
Pseudomedaeus agassizii, Teleophrys pococki, Micropanope nuttingi, stenothoid amphipods, and
harpacticoid copepods as well as in the gut contents of L. campechanus and Balistes capriscus
(grey triggerfish); however, phytoplankton is likely the dominant basal resource in both reefassociated and reef-dependent communities, contributing to over 78% of the diet of reef-
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dependent suspension-feeders. Dense suspension feeding communities may capture and process
phytoplankton making secondary production and egestia available to reef-dependent and reefassociated consumers. No distance effects of stable isotopes were observed within reefassociated organisms or bulk sediment. Overall, the effects of platforms (both on community
structure and food webs) are generally localized to < 250 m with species-specific effects on
abundance, diversity, and diet extending to this distance.
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CHAPTER 1: INTRODUCTION
1.1 Introduction
There are over 4,000 oil and gas platforms in the Gulf of Mexico which contribute over
5000 km2 of introduced hard substrate into a habitat normally dominated by soft-sediments
(Rabalais and Boesch, 1987; but see Grippo et al., 2010 for an example of a sand-dominated
locale). Though such platforms make up < 4% of hard-substrates (including natural reefs) in the
Gulf, they may have unique impacts on surrounding areas (Stanley and Wilson, 2000).
Platforms, like other artificial and natural reefs, are colonized by an abundant and diverse
community of organisms that are dependent on hard substrate. These communities consist of
diverse assemblages of reef-dependent taxa including corals, sponges, bryozoans, hydroids, and
algae as well as many other taxa (Dokken et al., 2000; Gallaway and Lewbel, 1982). These flora
and fauna increase the surface area of platform legs and create microhabitats for other reefdependent animals such as amphipods, polychaetes, tanaids, crabs, and reef fish. Unlike other
artificial reefs, platform surfaces span the entire height of the water column and therefore support
benthic primary production even in great water depths where sedimentary microphytobenthos
production is limited due to low light availability near the seafloor. Due to this production,
platform habitats are generally thought to be a source of primary production, providing resources
to nearby nekton that are found in high densities near platforms (Stanley and Wilson, 1996). The
reef-associated community consists of the pelagic and demersal fish and invertebrates that forage
and/or reside near platforms. High densities of reef-associated taxa (i.e., red snapper, rock sea
bass, barracuda, etc.) may result from increased food resources and feeding efficiencies near
platforms (i.e., the production hypothesis) or they may be a result of the aggregation of nekton
from surrounding areas as they are attracted to structures as a source of refuge from predators
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(i.e., the attraction hypothesis; Bohnsack, 1989). This attraction-production debate has been the
focus of many research efforts, yet has remained unresolved. Several studies have analyzed
nekton (Davis, 1985; McGlennon and Branden, 1994) and benthos (Montagna et al., 2002) in
close association with platforms; however, the influence of platforms on nearby communities is
still poorly understood.
Platforms can affect several groups of organisms in many different ways. Food resources
endemic to platforms can contribute to the diets of reef-dependent and reef-associated organisms
either from direct grazing or through indirect consumption of organisms that feed on in situ
production (Carney, 2004; Moreau et al., 2008). If endemic primary production on platforms is
incorporated into the diet of nearby consumers it may contribute to the increased biomass of
consumers near platforms. Also, the increased biomass on platforms may result in a depletion of
prey as predators forage near platforms. These “foraging halos” can affect infaunal and demersal
communities as they are preyed upon by reef-associated predators. The size and spacing of
foraging halos may affect overall fish abundance as described in the resource mosaic hypothesis
(from Lindberg et al. 1990). This hypothesis suggests that overlapping halos of adjacent
platforms may increase the area of prey depletion near platforms and nearby nekton must then
travel further for prey resources, making them more susceptible to predation themselves. As the
energetic costs of these consumers increase and site fidelity declines, the overall fish abundance
decreases near platforms with very large or overlapping halos. Platforms may also contaminate
the nearby sediments with toxins from drilling fluids, metal leachates, drilling muds, etc.
(Kennicutt et al., 1996). Contamination in sediments alters infaunal communities as a function
of distance from platforms. Montagna et al. (1996; 2002) found that contaminant effects were
most prominent within 200 m of platforms, and bring about a reduction in amphipods and
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harpacticoid copepods with an increase in polychaete and nematode abundance. Sediment
particle size could also be affected by platforms because they can alter the local hydrodynamics,
leading to the resuspension of finer particles in the turbulent eddies created as water passes the
legs of the platforms (Wheeler et al., 1980; Ambrose and Anderson, 1990). Sediment particle
size could also be affected by the dislodgement of the shells of barnacles and bivalves. A large
amount of organic matter from the platform surfaces (including benthic primary production) is
transferred to the sea floor via dislodgment and/or waste products of organisms, which can alter
the organic carbon, hydrogen, and nitrogen composition of the sediments (Bomkamp et al., 2004;
Wheeler et al., 1980; Wolfson et al., 1979). Organic enrichment of sediments can contribute to
bottom-water hypoxia near platforms (Diaz and Rosenberg, 1995). Distinguishing these effects
from one another is difficult due to confounding variables—all are most intense near platforms
and dissipate with distance (Montagna, 1996).
The potential effects of platforms on organisms are complicated, and our present
understanding of these complex processes is incomplete. It is important that we gain further
knowledge of these systems because fisheries resource policy has been formed around the
hypothesis that platforms serve as artificial reefs and help sustain high biomass of commerciallyimportant nekton. Since 1987, over 100 oil and gas platforms have been donated to the
Louisiana artificial reef program (LARP) as a part of the rigs-to-reefs program in which
decommissioned platforms are converted into permanent artificial reefs (Kaiser and Kasprzak,
2008). The savings accrued by companies participating in this program are donated for research
that tests this hypothesis (Dauterive, 2000). The goal of the work in this study is to assess the
influences of platforms on the nearby communities.
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In Chapter 1, I examined biological and environmental effects of platforms on reefassociated communities. Four platforms were sampled near to and far from platforms to test H01:
there is no effect of distance (from 0.25 to 1.5km) from platforms on demersal or benthic
abundance or diversity and H02: there is no “halo” effect in the form of the depletion of likely red
snapper prey items near platforms. Data from 5 quarterly cruises were analyzed to form a
characterization of the communities near oil and gas platforms in the Gulf of Mexico.
In Chapter 2, I examined the food webs of reef-associated and reef-dependent organisms
to determine the contribution of potential basal resources, including those endemic to platforms.
Two platforms were sampled both in near and far collections as well as with SCUBA divers
directly on platforms to test H03: There is no contribution of endemic primary production to reefdependent consumers on platforms, H04: There is no contribution of endemic primary production
to reef-associated demersal and benthic communities, and H05: There is no effect of distance
from platforms (from 0.25-6 km) on the isotopic composition of nearby consumers. Using stable
isotope analysis, data from August 2009-December 2009 were analyzed to estimate the basal
resources of reef-dependent and reef-associated communities.
1.2 Literature Cited
Ambrose, R. F. and T. W. Anderson (1990). Influence of an artificial reef on the surrounding
infaunal community. Marine Biology 107: 41-52.
Bohnsack, J. A. (1989). Are high-densities of fishes at artificial reefs the result of habitat
limitation or behavioral preference? Bulletin of Marine Science 44: 631-645.
Bomkamp, R. E., H. M. Page, and J. E. Dugan (2004). Role of food subsidies and habitat
structure in influencing benthic communities of shell mounds at sites of existing and
former offshore oil platforms. Marine Biology 146: 201-211.
Carney, R. S. (2004). Characterization of algal-invertebrate mats at CMI study platforms and
assessment of methods for artificial substrate studies. M. M. S. U.S. Department of the
Interior, Gulf of Mexico OCS. New Orleans: 1-29.
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CHAPTER 2: CHARACTERIZATION OF THE COMMUNITIES NEAR OIL AND GAS
PLATFORMS IN THE GULF OF MEXICO
2.1 Introduction
Oil and gas platforms have unique ecological impacts in marine ecosystems. While the
seafloor of the northern Gulf of Mexico is generally characterized as having high silt/clay
content with minimal topography (Rabalais and Boesch, 1987; but see Grippo et al., 2010 for
more information on sandy shoals), oil and gas platforms provide a novel habitat that facilitates
the colonization of reef-like communities (Gallaway and Lewbel, 1982). Platforms typically
span the entire height of the water column and are composed of hard substrate onto which the
larvae of benthic animals with planktonic dispersal readily attach. Communities on platforms are
rich in species diversity and differ in species composition from the surrounding soft-sediment
communities. Typical epibiota, or “fouling” organisms, found on platforms in the Gulf of
Mexico include encrusting barnacles, bivalves, hydroids, sponges, corals, and macroalgae
(Dokken et al., 2000; Gallaway and Lewbel, 1982; Lewbel et al., 1987). These flora and fauna
increase the surface area of platform legs and create microhabitats for reef-dependent animals
such as amphipods, polychaetes, tanaids, harpacticoid copepods, crabs, and reef fish. In situ
primary production from red and green algae as well as associated epiphytic algae and
cyanobacteria may provide food resources to reef-dependent consumers (Carney, 2004; Moreau
et al., 2008) and potentially to the mobile reef-associated community as well (see Chapter 2).
The reef-associated community consists of the pelagic and demersal fish and invertebrates that
forage and/or reside near platforms.
The density and diversity of reef-associated nekton are elevated near artificial reefs (Bull
and Kendall, 1994; Gallaway and Lewbel, 1982; Stanley and Wilson, 1996; Stone et al., 1979);
however, there is no consensus regarding the mechanism to explain this observation (Bohnsack,
7

1989; Polovina, 1989). Increased density and diversity near platforms may be due to increases in
food resources near artificial reefs that allow nekton to grow at higher rates (the production
hypothesis) or due simply to the aggregation of nekton from surrounding areas (the attraction
hypothesis) (Bohnsack, 1989). These processes are not mutually exclusive, and may both
contribute to the high densities and diversities observed near platforms (Pickering and
Whitmarsh, 1996). Though many studies (Bohnsack et al., 1994; Davis, 1985; McGlennon and
Branden, 1994; Polovina, 1989) have been dedicated to distinguishing among the potential
explanations for this effect, very few have looked at the spatial extent of such platform effects
(Stanley and Wilson, 1996). Increased biodiversity of pelagic fishes associated with seamounts
in the western and central Pacific Ocean has been shown to extend up to 30-40 km (Morato et al.,
2000). While an individual platform community is supported by a much smaller surface area
than a seamount, there are over 4000 platforms in the northern Gulf of Mexico, making up a total
of 5000 km2 of introduced hard substrate (Stanley and Wilson, 1996). To assess the ecological
impacts of these structures, it is necessary to answer the question: How far does the pattern of
increased diversity and density extend from these platforms? Montagna et al. (2002) found that
benthic community changes near platforms reach to 200 m. The distance effect exerted on the
demersal community may be much larger and more difficult to detect due to the mobility of
nekton (Ellis et al., 1996; Peterson et al., 1996).
Benthic and demersal communities around platforms may be influenced by several
gradients associated with platforms. These gradients may extend anywhere from several meters
to several hundreds of meters from platforms. Potential gradients include sediment particle size,
contamination levels, sediment organic matter, and predation pressure. Sediment grain size may
be affected by the hydrodynamic interference from water passing around and through the legs

8

and crossbeams of platforms (Wheeler et al., 1980; Ambrose and Anderson, 1990). Areas near
the platform are then subjected to more intense currents and water movement, will experience
reduced sedimentation, and have sediment with lower silt-clay content. Contaminants from
platforms, including metals and hydrocarbons, may be released into the surrounding areas in the
form of leachates, drilling muds, and produced waters. Montagna et al. (2002) found higher
levels of total alkanes, Zn, Cd, and Pb within 200 m of platforms, and other studies suggest that
total PAH, Al, Ba, Fe, and Sr may also be higher near platforms (Kennicutt et al., 1996; Wheeler
et al., 1980). Organic matter content may be greater near platforms due to inputs from the reefdependent communities residing on the platform legs (Bomkamp et al., 2004; Wheeler et al.,
1980; Wolfson et al., 1979). As fouling organisms die, defecate, or are dislodged, organic matter
falls to the sea floor and is incorporated into the nearby sediment (Bomkamp et al., 2004). This
flux of organic matter could alter the nearby benthic community by increasing food resources or
by creating bottom-water hypoxia as organic matter is decomposed (Diaz and Rosenberg, 1995;
Wilding, 2006) or both. Stanley and Wilson (2004) found that bottom-water hypoxia near
platforms altered the vertical redistribution of motile species, concentrating them in areas with
sufficient oxygen levels. Hypoxia intensity and duration near platforms is poorly known and
likely varies with current intensity and water depth (Diaz and Rosenberg, 1995). Predation
pressure may vary with distance from platforms as well. Densities of reef-associated species,
such as rock sea bass and red snapper, are higher near platforms and these predators likely
consume nektonic or benthic prey while near platforms (Bohnsack, 1989; Bortone et al., 1998;
Leitao et al., 2008; McCawley and Cowan, 2007; Sedberry and Cueller, 1993). This behavior
may result in a foraging “halo” or ring around platforms. In this “halo”, top-down pressure from
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reef-associated predators, including the commercially important red snapper, may stimulate a
depletion of lower trophic-level consumers.
The effects of these gradients on benthic and demersal communities are complex and
poorly studied. It is unclear how communities respond to the suite of gradients associated with
platforms. For instance, one would expect benthic biomass to increase as organic matter
increases near platforms; however, predation pressure and contaminant concentration also
increase near platforms and may lead to an opposing decrease in biomass or abundance.
Contaminant effects on macrobenthic communities have been shown to be limited to within
approximately 200 m from platforms (Montagna et al., 2002), while predation effects may
extend much further due to the mobility of fish and demersal invertebrates. It may be possible to
discriminate among the potential platform effects with appropriate sampling designs that
determine how far significant biological responses extend from platforms. Determining the
extent of platform effects, specifically foraging halos, may also be useful in determining the
optimal spacing and placement of platforms. The size and spacing of foraging halos may affect
overall fish abundance according to the resource mosaic hypothesis (from Lindberg et al. 1990).
This hypothesis suggests that overlapping halos of adjacent platforms may increase the area of
prey depletion near platforms and nearby nekton must then travel further for prey resources,
making them more susceptible to predation themselves. As the energetic costs of these
consumers increase and site fidelity declines, the overall fish abundance declines around
platforms with very large or overlapping halos. Therefore, if foraging halos around platforms
exist, it is important to determine the extension of their effects from platforms for future planning
and development of platforms.
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This study was designed to compare the possible platform effects on benthic and
demersal organisms. Four platforms were selected for study over 5 quarterly collections. Two
operational or “standing” platforms and two decommissioned or “toppled” platforms that have
been donated by companies to serve as artificial reef habitat were sampled. Each platform was
sampled “near” (0.25 km) and “far” (1.5 km) to detect patterns or changes that occur with
distance from platforms. Distinct day and night collections of demersal nekton were made to
account for diurnal community changes in my analyses. Previous studies have found that some
nekton reside at depth during daylight hours but forage more broadly at night, thus creating the
possibility that abundance changes will occur (Aguzzi and Bahamon, 2009; Carpentieri et al.,
2005; Ellis et al., 1996; Yousif, 2003). In addition, net avoidance may increase during the
daylight hours for some nekton (Harmelin-Vivien and Francour, 2008; Ryer, 2008; Thorrold,
1992). Various factors were evaluated in our study to test H01: There is no effect of distance from
platforms on demersal or benthic abundance or diversity and H02: There is no “halo” effect in the
form of the depletion of likely red snapper prey items near platforms.
2.2 Methods
2.2.1. Study Site
The study site was located approximately 130 km off the coast of Louisiana in the
Eugene Island (EI) oil field near 28º 14’10” N, 91º 24’70” W in the northern Gulf of Mexico
(Figure 2.1). Within this site, four platforms were sampled quarterly between December 2008
and January 2010. Two of the platforms, located on EI block 322 and EI block 324, have been
decommissioned and placed as part of the Louisiana Artificial Reef Program (LARP) after
sustaining extensive damage during Hurricane Lili in 2002 (Kaiser and Kasprzak, 2008). These
platforms were donated for biological study by British Petroleum (EI 322) and Newfield
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Figure 2.1 Site Map. Locations of the four platforms sampled during this study. EI 322 and EI
324 are toppled platforms and EI 325 and EI 346 are standing, operational platforms.
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Exploration Company (EI 324) (Kaiser and Kasprzak, 2008). The remaining two platforms,
located on EI block 325 and EI block 346, are operational platforms that began production in
1989 and 1998, respectively. The platforms used in this study are located near the continental
shelf edge in water depths of 70 m, 76 m, 80 m, and 95 m at EI 322, EI 325, EI 324, and EI 346,
respectively.
2.2.2 Sampling Procedure
Sampling cruises were taken in November/December 2008 (Winter 2008), April 2009
(Spring 2009), July 2009 (Summer 2009), December 2009 (Fall 2009), and February 2010
(Winter 2010). During each cruise, a suite of measurements and samples was taken both near to
(within 0.25 km) and far from (greater than 1.5 km) each platform. These distances were chosen
based on a combination of findings from previous studies and logistical constraints. Peterson et
al. (1996) found that reef and/or contamination effects are localized to 100-200 m away from
platforms in within the benthic community at platforms in 29-125 m water depths. Therefore, I
have designated sites further than 1.5 km from platforms as control or “far” sites, as effects of
interest should be negligible at this distance. However, near sampling in this study could not be
done within the range estimated by Peterson et al. (1996). Trawls could not be pulled within 250
m of the toppled platforms without risking snags on the irregular components of these structures.
Also, benthic samples taken closer than 250 m had high apparent concentrations of drilling
muds, and the few benthic invertebrates found in these samples were in poor condition as they
were likely dead upon capture. Reef effects might vary with size of platform and water depth
because the circumference enclosed by the legs of large platforms in deeper water might be
greater than smaller platforms in shallow water. A distance of 250 m for “near” sampling was
therefore used to both maintain consistency throughout all sampling methods, and to allow us to
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determine whether platform effects are as localized as previously thought or perhaps extend to
250 m.
The demersal community was sampled via bottom trawls with a 3.9-m otter trawl fitted
with 19 mm mesh main body and a 4.8 mm mesh cod end. Each trawl was pulled along an
imaginary line that lay tangent to circles having either a radii of 0.25 km (near trawls) or 1.5 km
(far trawls) that were centered at each platform (Figure 2.2). Near and far trawls were run
parallel to one another. This strategy maximized consistency in distance from the platform
during each individual trawl. The average distance from each platform sampled throughout near
trawls was approximately 0.39 km while the average distance from each platform sampled
throughout the far trawls was approximately 2 km. Each trawl was pulled for 15 minutes,
traveling at approximately 2 knots. The total distance covered in each trawl was approximately
0.9 km, with some variation due to varying weather conditions and current intensities and
directions. At each platform, three replicate trawls were pulled near to and far from the
platforms during the day and at night. No trawls were run within 2 hours of sunrise or sunset to
avoid sampling during transitional periods. A total of 198 trawls were pulled during this study
(samples at some sites could not be taken due to inclement weather). All animals captured in the
trawls were identified to the lowest practical taxon; most were identified to species.
Invertebrates were counted and fish were both counted and measured (total length in mm for red
snapper and standard length in mm for all others). Several species of fish and invertebrates from
the platforms that were designated a priori as a species of interest were kept and processed for
stable isotope analysis (see Chapter 2). All others were discarded.
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Figure 2.2 Schematic of the trawl sampling design. Near trawls were run tangent to the inner
circle (radius = 0.25 km); far trawls were run tangent to the outer circle (radius = 1.5 km).

The infaunal community was sampled using a 24 x 24 cm Wildco® Ponar Grab. Four
replicate ponar grabs were collected both near to and far from each platform, without regard to
time of day. A total of 130 ponar grabs were obtained during this study (samples at some sites
could not be taken due to inclement weather). Samples were sieved using a 0.5 mm mesh sieve.
Material retained on the sieve was stored at -20 °C until further processing. Infauna were
extracted from retained material and identified to lowest practical taxon. Samples were not
treated with formalin or rose-bengal stain, as these chemicals could interfere with our food web
analysis (see Chapter 2). Therefore, many of the identifications were to higher taxonomic levels,
although polychaete identification was emphasized (many identified to family and species).
One of the four replicates from the ponar grabs was subsampled by extracting one 5-cm
deep core to determine sediment grain size. Cores were rinsed through a 63 µm sieve to separate
into sand/gravel and silt/clay fractions. Both fractions were dried in an oven at 75 ºC to a
constant weight, and then weighed. The sand/gravel fraction was then placed in a portable sieve
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shaker for 3 minutes with 2 stacked sieves (2-mm and 63-µm mesh sizes). The fraction > 2 mm
(gravel) and the fraction retained on the 63µm sieve (sand) were then weighed. Two 2-cm deep
cores were extracted to determine metals concentration and organic matter content. Sediment
used in the metals analysis was soaked in 2 N nitric acid, dried, and homogenized. The samples
were digested and metals were extracted using concentrated trace-metal-grade nitric acid. After
dilution with deionized water, the metals analysis was performed on each sample using a Varian
Model MPX ICP-OES instrument. Total organic carbon, hydrogen, and nitrogen concentration
in sediments was determined using a Perkin Elmer 2400 CHN elemental analyzer. Samples were
dried, homogenized, and fumed with HCl in order to remove carbonates before combustion in
the CHN analyzer. Elemental concentrations of the combusted gas were determined using a hot
wire detector which quantified concentrations as a function of their thermal conductivities.
Oxygen, salinity, and temperature were also recorded using a CTD at several depths and at both
distances (250 m and 1.5 km from platforms) during all cruises.
2.2.3 Data Analysis
Average counts of demersal (from trawls in terms of catch per unit effort or CPUE) and
benthic (from ponar grabs in terms of density) animals collected in the study were compared
using both univariate and multivariate statistical techniques. A permutational analysis of
variance (PERMANOVA) was used to analyze the demersal and benthic communities according
to distance from platform, time of day (for trawl samples only), season, and platform. Due to
inclement weather, not all platforms were fully sampled during each cruise, leaving empty cells
in the dataset. Type III SS was used in this analysis to account for the unbalanced design.
Using Primer-v.6 software, multidimensional scaling (MDS) ordinations, based on a
Bray-Curtis similarity matrix, were created using the untransformed mean count of all species
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collected in both trawls and ponar grabs. MDS ordinations were used for community-wide
comparisons of the following factors: distance from platform, time of day (for trawl samples
only), season, and platform. The significance of patterns illustrated by MDS comparisons were
tested using an Analysis of Similarities (ANOSIM). MDS comparisons illustrating significant
trends using ANOSIM were then analyzed using similarity percentages (SIMPER) analysis to
determine which individual populations contributed to the significant trends.
A mixed-model ANOVA approach was used to test both main and interaction effects of
the following factors on selected species populations: distance from platforms, time of day (trawl
samples only), season/cruise, and platform (random effect). Data were transformed using a
log(x+1) transformation to achieve normality. Due to inclement weather, not all platforms were
fully sampled via trawl during each cruise, leaving empty cells in the trawl dataset. A subset of
the trawl data was used to reduce the number of missing cells. This reduced model excluded
data from the two toppled platforms (EI 322 and EI 324). Sampling of the benthic community
via ponar grab was more consistent, and fewer empty cells were in the dataset; therefore, the full
model (including all 4 platforms) was used for benthic populations. Time of day, however, was
not included in the model for benthic populations because there is no evidence of diurnal shift
within benthic communities. Among the nekton, Atlantic croaker, rock sea bass, brown shrimp,
squid, and paper scallop abundances were examined using the reduced model. From the benthic
community, Levinsenia sp., Nephtys incisa, Cossura soyeri, Paramphinome sp., and Magelona
sp. abundances were examined with the full model (excluding time of day). These taxa were
chosen for analysis based on high frequency of capture as well as high total number caught (see
Results, Table 2.1). Significant results from the mixed-model ANOVA were analyzed using a
Tukey-Kramer post-hoc test to examine the pair-wise differences between the groups within
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significant factors. Since platform could not be examined directly using the mixed-model
approach, a separate one-way ANOVA (or Kruskal-Wallis for non-normal data) was run on
log(x+1) transformed data to examine platform effects. When data were normally distributed,
the Tukey-Kramer post-hoc test was used to further analyze significant results. Significant
results from non-normal data were analyzed a posteriori using the Mann-Whitney U on all pairwise comparisons. Relative differences between means were also compared using the equation:
Eq. (1)

(1-Xlow/Xhigh)*100 = %D

in which Xlow is the smaller of the two absolute means, Xhigh is the higher of the two absolute
means, and %D is the percent difference between the means. These values were determined to
compare differences in abundance across several scales and to more clearly asses the biological
vs. statistical significance of differences. Low values indicate little difference between means,
while high values indicate large differences.
Type of platform (standing vs. toppled) was excluded from both multivariate and
univariate analyses. Exploratory analysis using MDS and ANOSIM did not show significant
differences between types. In addition, results of the one-way ANOVA revealed significant
difference in one platform from all others; therefore, grouping of platforms into “toppled” and
“standing” categories would reflect this difference instead of yielding useful information about
the effect of type of platform.
To further address the possibility of a foraging halo, separate comparisons were made
within the overall demersal fish, demersal invertebrate, and sedimentary invertebrate
communities near to and far from platforms. The same near/far comparisons were made between
the total abundance of several potential prey species of red snapper (a reef-associated species) as
well to more specifically determine if the foraging of reef-associates causes depletion in prey
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near platforms. This analysis included the following demersal and pelagic species: Portunus
gibbesii, Portunus spinicarpus, Portunus spinimanus, Callinectes sapidus, Callinectes similis,
Iliacantha liodactylus, Myropsis quinquespinosa, Calappa sulcata, Petrochirus diogenes,
Paguristes triangulatus, Farfantepenaeus aztecus, Squilla chydaea, Squilla empusa, Loligo sp.,
bigeye sea robin, Mexican sea robin, shortwing sea robin, blackear bass, pinfish, spottedfin
tonguefish, and small lizardfish which are known prey of red snapper (McCawley and Cowan,
2007; Wells et al., 2008). After replicate counts from each collection were averaged, the far
collection mean was subtracted from the corresponding near collection mean. These values were
sorted by platform and then averaged to yield the average difference in total abundance between
near and far collections at each platform. A 95% confidence interval was calculated for the
average difference in each community. A 95% confidence interval that includes zero suggests
that the total abundance is statistically equivalent near to and far from platforms. A positive
number indicates a greater abundance near to platforms, while a negative number indicates a
higher abundance far from platforms.
The Shannon Index (H’) was used to estimate and compare diversity near to versus far
from platforms within red snapper prey as well as within the overall demersal fish, demersal
invertebrate, and sedimentary invertebrate communities. H’ values for replicate collections were
averaged and the far collection H’ value was subtracted from the corresponding near collection
H’ value. These values were sorted by platform and then averaged to yield the mean difference
between near and far diversity at each platform. A 95% confidence interval was calculated for
the mean difference in diversity in each community. A 95% confidence interval that includes
zero suggests that the diversity is statistically equivalent near to and far from platforms. A
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positive number indicates a greater diversity near to platforms, while a negative number indicates
a higher diversity far from platforms.
Since contamination and reef effects may be confounded, contamination levels were
analyzed and trends in these levels were compared to trends between near and far collections.
Total organic carbon concentration were also analyzed and compared to trends between near and
far collections.
2.3 Results
A total of 58 fish species and 4896 individuals were captured in a total of 198 trawl
samples. The fish assemblage was dominated by Atlantic croaker, sash flounder, and bigeye sea
robin. These species combined contributed almost 50% of the fish assemblage and 19.7% of the
total catch in trawls (Table 2.1). Species not included in Table 2.1 included several known reefassociates (i.e. juvenile red snapper, grey triggerfish, and Atlantic spadefish). A total of 29
invertebrate species were also collected in trawls, and brown shrimp, squid, and paper scallops
were the dominant species, contributing 89% of the assemblage and 53.4% of the total catch.
Rare species collected included several species of hermit crabs (i.e. Petrochirus diogenes,
Paguristes triangulates, Pagurus bullisi) and mantis shrimp (i.e. Squilla empusa and S. chydaea)
as well as reef-associated arrow crabs (Stenorhynchus seticornis). The macrobenthic infaunal
community, sampled with a total of 130 ponar grabs, consisted of 102 taxa, and was dominated
by the polychaete families: Paraonidae, Nephtyidae, Cossuridae, Paramphinomidae, and
Magelonidae which combined contributed to 28% of the benthic community (Table 2.1).
Gammarid amphipods also contributed to 7% of the benthic invertebrate assemblage, while more
rare taxa including Glycerid polychaetes, Callianassid shrimp, and several species of crabs made
up less than 1% of the total collection.
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Table 2.1. List of most common species caught in trawls (n=198) and ponar grabs (n=160) and
the corresponding total catch and frequency of capture as well as the % of fish and invertebrate
community from trawls, % of invertebrates from ponar grabs, and % of the total catch for each
species by number collected.
COMMON NAME

SPECIES NAME

TOTAL
CAUGHT

FREQUENCY

% OF FISH
OR INVERT.
COMMUNITY

% OF
TOTAL
CATCH

1200

0.74

24.5

9.8

754

0.82

15.4

6.2

456

0.78

9.3

3.7

390

0.59

8

3.2

358

0.33

7.3

2.9

321

0.6

6.6

2.6

289

0.33

5.9

2.4

172

0.53

3.5

1.4

131

0.3

2.7

1.1

100

0.3

2

0.8

95

0.27

1.9

0.8

95

0.34

1.9

0.8

83

0.22

1.7

0.7

77

0.26

1.6

0.6

92.3

37

DEMERSAL FISH
Micropogonias undulatus
Atlantic Croaker
Trichopsetta ventralis
Sash Flounder
Prionotus longispinosus
Bigeye Sea Robin
Serranus atrobranchus
Blackear Bass
Leiostomus xanthurus
Spot Croaker
Cynoscion arenarius
White Trout
Synodus sp.
Small Lizardfish
Centropristis philadelphica
Rock Sea Bass
Stenotomus caprinus
Longspine Porgy
Pristipomoides aquilonaris
Wenchman
Porichthys plectodon
Atlantic Midshipman
Synodus foetens
Inshore Lizardfish
Halieutichthys aculeatus
Pancake Batfish
Lepophidium brevibarbe
Blackedge Cuskeel
TOTAL
DEMERSAL INVERTEBRATES
Farfantepenaeus aztecus
Brown Shrimp
Loligo cf. pealei
Squid
Amusium papyraceum
Paper Scallop
Callinectes similis
Lesser Blue Crab
Anasimus latus
Stilt Spider Crab
Portunus spinicarpus
Longspine Crab
Squilla chydaea
Mantis Shrimp
Dwarf Humpback Shrimp Solenocera atlantidis
TOTAL
BENTHIC INVERTEBRATES
Levinsenia sp.
Paraonidae
Gammaridae
Amphipoda
Nephtys incisa
Nephtyidae
Cossura soyeri
Cossuridae
Paramphinomidae
Magelona sp.
Magelonidae
Gastropoda
Paralacydonia paradoxa
Paralacydonidae
Mysidacea
Gemma gemma
Bivalvia
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3630

0.98

49.6

29.7

1530

0.49

20.9

12.5

1367

0.85

18.7

11.2

265

0.17

3.6

2.2

105

0.25

1.4

0.9

92

0.25

1.3

0.8

81

0.18

1.1

0.7

74

0.2

1.0

0.6

97.6

58.6

112

0.35

9.26

85

0.49

7.03

81

0.45

6.7

56

0.31

4.63

50

0.27

4.14

50

0.27

4.14

46

0.23

3.8

33

0.18

2.73

33

0.19

2.73

29

0.17

2.4

Table 2.1 (cont’d).
FAMILY/COMMON
NAME

SPECIES NAME

BENTHIC INVERTEBRATES
Lumbrineridae
Lumbrineris sp.
Ninoe sp.
Cumacea
Crab
Pseudorhombila
quadridentata
Ophiuroidea
Crab
Raninoides sp.
Capitellidae
Onuphidae
Sarsonuphis hartmanae
Amphipoda
Caprellidae
Neriedidae
Genus A
Genus X
TOTAL
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% OF FISH
COMMUNITY

% OF
TOTAL
CATCH

TOTAL
CAUGHT

FREQUENCY

27
25
23

0.15
0.14
0.13

2.23
2.07
1.90

21

0.12

1.74

20
18
16
15
13
13
13

0.12
0.10
0.09
0.09
0.08
0.08
0.08

1.65
1.49
1.32
1.24
1.08
1.08
1.08
64.44

2.3.1 The Demersal Community
PERMANOVA was used to examine trends in the demersal community across all scales
of temporal and spatial variation (Table 2.2). Community-wide differences among time of day,
cruise, and platform, along with an interaction between time of day, cruise, and platform were
detected (Table 2.2). No distance effect was observed either as a main effect or as a part of an
interaction (Table 2.2). These results suggested further analysis was in order to better portray the
patterns of spatial and temporal variation.
Using MDS ordinations in conjunction with ANOSIM and SIMPER analyses, I found
several significant patterns in the demersal community. The demersal community varied
temporally among individual cruises (ANOSIM global R, p = 0.001; Figure 2.3 A). However,
there was overlap in community structure among some consecutive cruises. The cruises taken in
spring and summer of 2009 were not significantly different from one another in species
composition (pair-wise ANOSIM, p = 0.130), but both were different from all other cruises
(pair-wise ANOSIM, p ≤ 0.004). The cruises taken in fall 2009 and winter 2010 were also not
significantly different from one another (pair-wise ANOSIM, p = 0.201), but both were different
from all other cruises (pair-wise ANOSIM, p ≤ 0.004). The cruise taken in winter 2008 differed
from all other cruises (pair-wise ANOSIM, p ≤ 0.004). The species most responsible for the
differences among cruises were brown shrimp, squid, Atlantic croaker, and paper scallops, which
contributed on average 17.4%, 17.1%, 10.5%, and 10.47%, respectively, of the dissimilarity
among cruises.
The reduced mixed-model ANOVA was used to examine the main effect of cruise on
individual species abundance. Significant differences among cruises were found for Atlantic
croaker, rock sea bass, paper scallops, and squid (Table 2.3). Cruise was not a significant main
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Table 2.2 PERMANOVA results based on the demersal (n=67) and infaunal (n=39)
communities (based on the average count of replicates). Platform was considered a random
variable in this analysis. p (perm) values are reported based on Type III SS (significant values in
bold face).**indicates that term has one or more empty cells.
Effects

P-Value
(PERMANOVA)

DEMERSAL COMMUNITY
Distance
Time of Day
Cruise/Season
Platform
Distance x Time of Day
Distance x Cruise
Distance x Platform
Time of Day x Cruise
Time of Day x Platform
Cruise x Platform**
Distance x Time of Day x Cruise
Distance x Time of Day x Platform
Distance x Cruise x Platform**
Time of Day x Cruise x Platform**
INFAUNAL COMMUNITY
Distance
Cruise/Season
Platform
Cruise x Distance
Cruise x Platform**
Platform x Distance

0.225
0.025
0.001
0.001
0.220
0.267
0.080
0.270
0.003
0.001
0.099
0.830
0.224
0.001
0.428
0.001
0.106
0.399
0.266
0.522
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F

Day
Night

Near
N

Figure 2.3 MDS ordinations of fish and invertebrate abundance based on Bray-Curtis similarity.
Replicate trawls were pooled ( n = 67), and these points were coded for (A) each individual
cruise, (B) each individual platform, (C) the time of day the trawl was taken, and (D) the distance
at which the trawl was taken. The 2D stress for these ordinations was 0.16 and no
transformation of the data was performed.

Table 2.3 Mixed-model ANOVA results from model 1for Atlantic croaker, rock sea bass, paper
scallop, squid, and brown shrimp, including data from EI 325 and EI 346 only. p values are
reported (significant values are in bold face).

EFFECT
Cruise
Time of day
Distance
Cruise*Time of day
Cruise*Distance
Time of day*Distance
Cruise*Time of day*Distance

ATLANTIC
CROAKER

ROCK SEABASS

PAPER SCALLOP

SQUID

BROWN SHRIMP

0.003
<.0001
0.026
0.022
0.383
0.864
0.567

0.029
0.223
0.015
0.569
0.992
0.476
0.938

0.002
0.366
0.713
0.125
0.860
0.251
0.558

0.001
<.0001
0.366
0.171
0.407
0.494
0.895

0.062
0.027
0.189
0.867
0.505
0.539
0.938
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effect within brown shrimp (Table 2.3). Within the Atlantic croaker, there was a significant
interaction between cruise and time of day (Table 2.3), and this interaction will be discussed
below. Based on a Tukey-Kramer adjusted post-hoc test, rock sea bass abundance was
significantly lower in the summer 2009 (0.38 CPUE) than in winter 2008 (1.25 CPUE, p =
0.043). Squid abundance was higher during the spring 2009 (33.6 CPUE) cruise than in the
winter 2008 (3.08 CPUE, p = 0.002), fall 2009 (3.96 CPUE, p = 0.004), and winter 2010 (2.42
CPUE, p = 0.005) cruises (Figure 2.4 A). Scallop abundance was significantly higher in winter
2008 (16.25 CPUE) than in spring 2009 (4.48 CPUE, p = 0.003) and summer 2009 (4.42, p =
0.003) cruises (Figure 2.4 A). Within these populations, the overall differences in means among
cruises were relatively large. On average, the % difference in means for the cruise effect was
59.5% (see equation 1).
The demersal community also varied among individual platforms (ANOSIM global R, p
= 0.001; Figure 2.3 B). The community at EI 322 (the shallowest platform) differed significantly
in species composition from all other platform communities (pair-wise ANOSIM, p ≤ 0.002).
No other pair-wise comparisons among platforms were significant (pair-wise ANOSIM, p ≥
0.145). The species most responsible for the community difference at EI 322 were brown
shrimp, squid, Atlantic croaker, and paper scallops, which contributed on average to 20.0%,
14.5%, 12.7%, and 9.7%, respectively, of the dissimilarity between EI 322 and all other
platforms.
The mixed-model ANOVA could not be used to compare abundances of demersal
populations among platforms because platform was a random effect in the model and was not
included as a potential main effect. Using a one-way ANOVA on normally distributed data and
the Kruskal-Wallis test on data that failed normality, I found significant differences among
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Figure 2.4 Abundance of demersal species from all trawl samples comparing individual cruises (A), platforms (B) and collection
times (C). Species were selected for inclusion based on frequency of capture, total # caught, and SIMPER analysis. Abundance
represents means (± standard error) of pooled replicate trawls (n=67).

ABUNDANCE (catch per unit effort)

40

ABUNDANCE

platforms in Atlantic croaker, paper scallops, and brown shrimp (Table 2.4). Squid and rock sea
bass abundances did not differ among platforms (Table 2.4). Based on a Mann Whitney U test,
Atlantic croaker had a significantly higher abundance at EI 322 than at all other platforms (p ≤
0.0011). The mean at EI 322 was 18.0 CPUE, while means at EI 324, EI 325, and EI 346 were
3.46, 5.3, 3.28 CPUE, respectively. Based on a Tukey-Kramer adjusted post-hoc test, I found
that paper scallops had a significantly greater abundance at EI 325 (10.48 CPUE) than at EI 346
(5.26 CPUE) and EI 322 (1.93 CPUE, Figure 2.4 B; p < 0.05). Also, the abundance of scallops
at EI 322 (1.93 CPUE) was significantly less than at 325 (10.48 CPUE) and 324 (7.11 CPUE,
Figure 2.4 B; p < 0.05). Brown shrimp abundance was significantly higher at EI 322 than at all
other platforms (Figure 2.4 B; p <0.05). The mean at EI 322 was 35.5 CPUE, while means at EI
324, EI 325, and EI 346 were 16.85, 15.58, and 13.21 CPUE, respectively. The average %
difference in means for the platform effect was 51.6%.

Table 2.4 Results of the examination of differences among platforms among Atlantic croaker,
rock sea bass, paper scallop, squid, and brown shrimp populations. Normal data were tested
using a one-way ANOVA. Non-normal data (indicated with a *) were tested using the
nonparametric Kruskal-Wallis test. Significant p values are in bold face.
Species

P-value

Atlantic croaker
Rock sea bass
Paper scallop
Squid
Brown shrimp

< 0.001*
0.565
< 0.001
0.850*
< 0.001
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The time-of-day that the trawl was taken also had a significant impact on demersal
community structure because day and night trawls differed significantly in species composition
(Figure 2.3 C; ANOSIM global R, p < 0.001). The species most responsible for the difference
between night and day were brown shrimp, squid, Atlantic croaker, and paper scallops, which
contributed on average to 17.4%, 19.6%, 11.1%, and 9.5%, respectively, of the dissimilarity
between trawls taken at night versus those taken during the day.
Using the reduced mixed-model ANOVA, I found that abundance differed with time of
day in Atlantic croaker, squid, and brown shrimp (Table 2.3). Time of day was not a significant
main effect within the rock sea bass or scallop populations (Table 2.3). Squid abundance was
higher during the day (19.12 CPUE) than at night (0.30 CPUE, Figure 2.4 C); while shrimp
abundance was lower during the day (11.82 CPUE) than at night (17.18 CPUE, Figure 2.4 C).
There was a significant interaction between cruise and time of day within Atlantic croaker (Table
2.3). During winter 2008, spring 2009, and summer 2009 night abundances were significantly
higher than day abundances (Figure 2.5 A; p = 0.001, 0.004, < 0.001, respectively). Daytime
means during winter 2008, spring 2009, and summer 2009 were 1.42, 0.92, and 1.75,
respectively, while the nighttime means during these months were 10.08, 8.44, and 15.75,
respectively. Time of day effect was, however, not significant during fall 2009 and winter 2010
(Figure 2.5 A; p = 0.261 and 0.398, respectively). Within these populations, the overall
differences in means among platforms were relatively large the average % difference in means
for the platform effect was 53.8%.
In agreement with PERMANOVA, the demersal community did not vary as a function of
distance from the platform (Figure 2.3 D). Near and far trawls were not significantly different in
overall species composition (ANOSIM global R, p = 0.723).
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Figure 2.5 Abundance of (A) Atlantic croaker comparing day and night trawls among individual
cruises and (B) rock sea bass and Atlantic croaker as a function of distance from platforms.
Abundance represents means (± standard error) of pooled replicate trawls at EI 325 and EI 346
(n = 39),

Using the reduced mixed-model ANOVA, I found that the main effect of distance was
significant in two species (i.e., Atlantic croaker and rock sea bass, Table 2.3). Rock sea bass, a
species commonly associated with reefs, had a higher abundance in trawls taken near platforms
(1.02 CPUE) than in trawls taken far from platforms (0.73, Figure 2.5 B). Atlantic croaker,
which is commonly thought of as a ubiquitous species, was also found in higher numbers near to
(5.58 CPUE) versus far from (3.67 CPUE) platforms (Figure 2.5 B). Atlantic croaker and rock
sea bass means near and far differed by 34.3% and 27.9%, respectively.
2.3.2 The Infaunal Community
PERMANOVA was also used to examine trends in the infaunal community across all
scales of temporal and spatial variation (Table 2.2). Community-wide differences were seen
among cruises only (Table 2.2). No distance effect was observed either as a main effect or as a
part of an interaction (Table 2.2), suggesting that further analysis was in order to better portray
the patterns of spatial and temporal variation.
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Using multidimensional scaling ordinations in conjunction with ANOSIM and SIMPER
analyses, I found several significant patterns in the infaunal community. The benthic community
varied temporally among individual cruises (ANOSIM global R, p = 0.001; Figure 2.6 A).
Similar to the trawl data, there was overlap in community structure among some consecutive
cruises. Winter 2008 and spring 2009 cruises were different from each other and all other
cruises (pair-wise ANOSIM, p ≤ 0.002). All other cruises taken after spring 2009 were not
significantly different in community structure (pair-wise ANOSIM, p ≥ 0.135). The taxa most
responsible for the differences among cruises were Levinsenia sp., Gastropoda, Lumbrineris sp.,
Paramphinome sp. which contributed on average to 5.3%, 4.6%, 4.5%, and 3.5%, respectively,
of the dissimilarity among cruises.
Using the full mixed-model ANOVA, I found that the main effect of cruise on individual
species abundance was significant in Levinsenia sp populations (Table 2.6). Cruise was not a
significant main effect within the other populations (Table 2.6). Based on a Tukey-Kramer test,
the abundances of Levinsenia sp. collected during the spring 2009 cruise (0.38 m-2) were
significantly lower than in the winter 2010 cruise (1.15 m-2, Figure 2.7 A; p = 0.037). The
average % difference in means for the cruise effect was 32.8%.
In agreement with PERMANOVA, the benthic community did not vary among platforms
using MDS ordinations (Figure 2.6 B). Ponar grabs from different platforms were not
significantly different in overall species composition (ANOSIM global R, p = 0.243).
Our mixed-model ANOVA could not be used to compare abundances of infaunal
populations among platforms since platform is a random effect in the model and is not included
as a potential main effect. Using a one-way ANOVA, I found significant differences in
abundance among platforms in Levinsenia sp., Nephtys incisa, and Paramphinome sp.
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Figure 2.6 MDS ordinations of infaunal invertebrate abundance based on Bray-Curtis similarity.
Replicate ponar grabs were pooled for a total n of 35 and these points were coded for (A) each
individual cruise, (B) each individual platform, and (C) the distance at which the sample was
taken. The 2D stress for these ordinations was 0.22 and no transformation of the data was
performed.

Table 2.6 Mixed-model ANOVA results for Levinsenia sp., Nephtys incisa, Cossura soyeri,
Paramphinome sp., and Magelona sp using the full model. P values are presented (significant
values are in bold face).
Effects
Cruise
Distance
Cruise*Distance

PARAONIDAE

NEPHTYIDAE

COSSURIDAE

PARAMPHINOMIDAE

MAGELONIDAE

Levinsenia sp.

Nephtys incisa

Cossura soyeri

Paramphinome sp.

Magelona sp.

0.029
0.871
0.413

0.927
0.697
0.456

0.731
0.959
0.354

0.053
0.249
0.883

0.099
0.133
0.760
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populations (Table 2.7). Cossura soyeri and Magelona sp. abundances did not differ among
platforms (Table 2.7). Based on a Tukey-Kramer adjusted post-hoc test, I found that Nephtys
incisa abundance was significantly higher at EI 322 (0.89 m-2) than at 346 (0.42 m-2, Figure 2.7
B; p <0.05). Paramphinome sp. had a significantly greater abundance at EI 325 (0.64 m-2) than
at EI 346 (0.21 m-2, Figure 2.7 B; p < 0.05). No differences were found for Levinsenia sp. with
the Tukey-Kramer test. Mean Levinsenia sp. densities at EI 322, EI 324, EI 325, and EI 346
were 1.24, 0.61, 1.08, and 0.70 m-2, respectively. The average % difference in means for the
cruise effect was 33.3% within these populations.
In agreement with PERMANOVA, the benthic community did not vary as a function of
distance from the platform (Figure 2.6 C). Near and far ponar grabs were not significantly
different in overall species composition (ANOSIM global R, p = 0.609). No main effects or
interactions with distance from platform were significant using full mixed-model ANOVA for
any species studied (Table 2.6).

Table 2.7 Results for the one-way ANOVA tests for differences among platforms among
Levinsenia sp., Nephtys incisa, Cossura soyeri, Paramphinome sp., and Magelona sp.
populations.
Species

P-value

Levinsenia sp.
Nephtys incisa
Cossura soyeri
Paramphinome sp.
Magelona sp.

0.049
0.004
0.143
0.031
0.307
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Figure 2.7 Density of benthic species separated into individual cruises (A) and platforms (B).
Species were selected for inclusion based on frequency of capture, total # caught, and SIMPER
analysis. Density represents mean # per m2 (± standard error) of replicate ponar grabs (n=36).

2.3.3 Environmental Gradients and the Foraging Halo
I did not find significant variation with distance from platforms with particle size,
bottom-water dissolved oxygen concentrations, or organic carbon content suggestive of strong
gradients. Particle size (i.e., % silt/clay composition) did not differ significantly near versus far
from platforms (paired t-test, p = 0.340; Table 2.8). Sediments near platforms were composed of
92% silt/clay while sediments far from platforms composed of 96% silt/clay. The gravel
fractions of the sediment were both less than 1% and also did not vary significantly between near
and far collections (p = 0.160). All oxygen readings in near-bottom water were > 6 mg/L in
CTD measurements taken near and far from platforms. Sediment organic carbon (OC) content
was not significantly different between near and far collections (p = 0.170, paired t-test; Table
2.8). The average OC near platforms was 1.71% and the average % OC far from platforms was
1.82%. Nitrogen content was also not significantly different between near and far collections (p
= 0.70, paired t-test; Table 2.8). The average % N near platforms was 0.130 % and the average
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Table 2.8 Near vs. far comparison of metal concentrations, % organic carbon (OC), % nitrogen
(N), % silt/clay, and % gravel of the sediment. Overall means of near and far samples are
presented along with p-values obtained using a paired t-test. Values at a distance of 6 km from
all platforms are also reported.
Metal
Aluminum
Arsenic
Barium
Boron
Calcium
Cadmium
Chromium
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Silicon
Sodium
Vanadium
Zinc
% OC
%N
% silt/clay
% gravel

Mean Near
(ppm)

Mean Far
(ppm)

p-value
(paired t-test)

Value at 6 km
(ppm)

43601
0.81
471
18.233
39898
0.25
33
13.8
37638
17
15760
456.32
20.2
46
15314
46.7
83.3
1.71
0.130
91.7
0.50

45762
0.84
505
24
44650
0.2
34
12
38113
15
16259
431.2
20.3
37
16705
50.7
81.2
1.82
0.127
96.1
0.12

0.385
0.701
0.103
0.080
0.138
0.960
0.468
0.271
0.737
0.337
0.405
0.484
0.858
0.153
0.168
0.166
0.457
0.170
0.700
0.340
0.160

47153
0.606
520
11.18
52437
0.205
31.0
12.17
42548
15.5
18043
608
21.4
36.6
17234
41.0
83.1
2.19
0.160
97.5
0.08
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% N far from platforms was 0.127 %. Sedimentary metal concentrations also did not differ
between near and far collections based on a paired t-test (Table 2.8).
To test for faunal halos around platforms, I also compared the total abundance and
diversity of demersal fish, invertebrates and infaunal invertebrates in paired near vs. far
comparisons at each platform. Such halos could be caused by predation or physical gradients
around platforms and would be observed if abundance differences between near and far
collections occurred. I found that differences between paired near and far collections were
different than zero for total abundance and diversity of demersal fish at one of the four platforms
(EI 346), based on a 95% confidence interval non-overlapping with zero (Figure 2.8). Total
abundance and diversity were both greater near than far for this platform. No differences were
noted for invertebrate (demersal and infaunal) density or diversity at any platform.
I also selected likely prey of red snapper for a similar comparison of paired near – far
differences in abundance (e.g., a prey halo would be present if red snapper feeds more heavily
close to platforms, reducing abundance near platforms). When examining only at the abundance
of potential red snapper prey, I found no evidence for a difference in abundance between paired
near and far collections at any platform. While the mean abundance at EI 322, EI 324, and EI
325 suggest that prey were depleted near the platforms, this difference was not significant (based
on 95% CIs that overlap 0, Figure 2.9). In contrast, mean abundance at EI 346 shows an increase
in potential prey abundance near this platform, though again not significant based on 95% CIs
(Figure 2.9).
2.4 Discussion
Oil and gas platforms make up a large percentage of the artificial reefs in the western
Gulf of Mexico and support diverse and abundant reef–dependent and reef–associated
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Figure 2.8 Comparisons of overall (A) abundances and (B) diversity among individual
platforms. Each bar represents the average difference between near and far trawls within the
demersal fish (black bars) and invertebrate (grey bars) assemblages as well as the infaunal
invertebrate assemblage (white bars). Replicate trawls were averaged (n = 33). Values > 0 have
a greater abundance or diversity near platforms, while values < 0 have a greater abundance or
diversity far from platforms. Error bars represent the 95% confidence interval.
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Figure 2.9 Comparisons of the average difference in abundance of potential red snapper prey
species among individual platforms between near and far trawls. Counts of replicate trawls were
pooled via averaging (n = 33). Values > 0 indicate that prey are greater near platforms, while
values < 0 indicate that prey are depleted near platforms. Error bars represent the 95%
confidence intervals.
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communities. The benthic organisms both directly associated with platforms as well as those in
nearby sediments may provide the organic matter needed to support the many mobile species of
fish and invertebrates associated with platforms that are known to reside and/or forage near
platforms (Beaver, 2002). The benthic and demersal communities near platforms are subject to
several gradients that result from the presence of the platform. The goal of this study was to (1)
characterize and determine the extent of the biological response of demersal and benthic
communities to the environmental and/or biological gradients associated with platforms, and (2)
test the following null hypotheses: (H01) there is no effect of distance from platforms on
demersal or benthic abundance, community structure or diversity; and (H02) there is no “halo”
effect in the form of the depletion of likely red snapper prey items near platforms. I found a
distance effect (H01) only in rock sea bass and Atlantic croaker abundances, and I found no
evidence for a foraging halo (H02) within the red snapper prey community.
I found no evidence of significant environmental gradients (among those examined) near
any of our sites. Contamination of metals and PAHs is typically highest near platforms and
dissipates with distance to approximately 200 m from platforms (Montagna et al., 2002). I found
no evidence of metal contamination at “near” sites, suggesting that the contamination must be
localized to less than 250 m from the platforms or negligible. Sediment composition and total
organic carbon concentrations also did not vary as a function of distance from our sites.
Sediment composition may be affected by platforms in two ways. The physical structures of the
platforms may interrupt water currents causing eddies and turbulence in the water. Near the sea
floor, this disruption may result in the resuspension of smaller sediment particles, leaving the
larger, heavier particles. This effect is likely very localized to < 20 m from platforms (Ambrose
and Anderson, 1990) and therefore not detectable at 250 m. Also, shells and debris from the
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fouling community residing on the platform surfaces may be dislodged and fall into the nearby
sediment. The spatial extent of this effect is dependent on the depth and velocity of the water
around the platforms. It is likely that since the platforms in this study are in > 70 m of water, the
shell debris is spread over such a large area of the sea floor that it is not easily detectable.
Sediment composition changes have been observed near platforms off the coast of California
(Bomkamp et al., 2004; Wolfson et al., 1979); however, the fouling community on these
platforms is dominated by mussels, which are not found in the Gulf of Mexico and may more
easily detach and quickly fall to the nearby area, increasing the gravel component of the
sediment. The organic matter associated with the dislodged materials from platform surfaces can
increase the total organic carbon concentration near platforms. Wolfson et al. (1979) found
evidence for differences in organic matter input near platforms. This effect may be magnified in
their study area due to the species composition as well as the shallow depth (18 m) of the water.
Organic inputs from the dense fouling assemblage at our sites may be diluted over a large area
when they reach the sea floor or may simply be localized to < 250 m.
The observation that all known environmental gradients associated with platforms were
localized to < 250 m suggests that any changes in abundance, diversity, or community
composition are attributable to some other factor (i.e. attraction to platforms, increased
productivity, and increased predation rates). Discriminating between attraction and production is
outside the scope of this study and will be addressed in part in Chapter 2; however, I have looked
at changes in abundance and diversity (an indicator of both effects) and prey depletion (a
potential indicator of a foraging halo). The changes in individual species abundance and
diversity as well as community structure with distance from platforms, time of day, platform, and
cruise (temporal shifts) will be discussed below.
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2.4.1 Distance
I did not find significant community changes with distance from the platform in either the
benthic or demersal communities (Table 2.2, Figure 2.3 D and 2.6 C). Studies have shown that
the change in total abundance of nekton decreases exponentially with distance from platforms
(Stanley and Wilson, 1996) and reaches background levels at approximately 60 m at our sites
(Boswell, unpublished). In our study, near trawls were run at an average distance of 250 m;
therefore, I was not able to detect the overall change in community normally associated with
platforms. However, I did detect species-specific changes in abundances with distance from
platforms in both Atlantic croaker and rock sea bass populations (Table 2.3, Figure 2.5 B). Rock
sea bass is considered a reef-associated species and is often found in higher numbers near
platforms and other artificial reefs (Lingo and Szedlmayer, 2006). Rock sea bass may be more
abundant in the near-field because of increased foraging opportunities in areas near to, but not
directly on, the reef. Rock sea bass feeding efficiency may be reduced directly on reef
structures, as the high complexity of the habitat provides refuge for prey (Russ, 1980); however,
they may thrive in surrounding areas where prey is more readily available (Lingo and
Szedlmayer, 2006). Atlantic croaker have a wide distribution in the Gulf of Mexico, and are not
considered a reef-associated species; however, they are known to be opportunistic feeders and
may be found in high numbers near platforms if foraging is more successful near platforms
(Overstreet and Heard, 1978). Though the differences in mean abundance near vs. far within
these two populations were statistically significant, their biological significance may be limited
because changes in abundance due to this factor were slight. The % difference (see equation 1)
in means between near and far abundances for Atlantic croaker and rock sea bass were only
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34.3% and 27.9%, respectively, compared to the high (> 50) % differences observed in other
effects (i.e. time of day, cruise, and platform effects).
I found no evidence for a foraging halo; I did not detect a significant decrease in red
snapper prey items near platforms. At one platform (EI 346), I documented a higher abundance
of potential prey near to vs. far from platforms (Figure 2.9). Red snapper may either be feeding
on or very close to platforms (< 250 m) (see Chapter 2) or may not be feeding at high enough
rates to substantially reduce the prey availability of the area. Another possible explanation for
my findings is an interaction between increased organic input and increased foraging. If the
areas near platforms are more productive at lower trophic levels and predation pressure from
higher trophic levels is increased, then the interaction of these processes would result in very
little change in prey abundances near platforms. I was not able to differentiate between these
two effects in this study. Moreover, I did not find a significant change in total invertebrate
abundance (both demersal and benthic) near platforms (Figure 2.8 A), and I observed an increase
in demersal fish abundance near platforms at only one of the four sites (EI 346; Figure 2.8 A);
suggesting that overall production (using abundance as a surrogate) is not generally higher at 250
m from platforms. Although halos were not detected at the 4 platforms included in this study,
effects may be stronger at platforms in shallower water depths or in cases where halos of nearby
platforms overlap. According to the resource mosaic hypothesis, overlapping halos may result in
higher energetic cost to nearby nekton, lower site fidelity, and therefore lower fish abundance
near platforms (Lindberg et al., 1990). Future research is needed to compare halo effects at
isolated (non-overlapping halos) vs. grouped (overlapping halos) platforms to test this hypothesis
more directly.
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2.4.2 Time of Day
I found evidence of significant diurnal shifts in the overall community structure and
individual species abundances within the demersal community. Day/night differences in the
abundance of Atlantic croaker, squid, and brown shrimp contributed significantly to the
community-wide diurnal shifts (Figure 2.4 C). Atlantic croaker had significantly higher
abundances at night during 3 of the 5 cruises. Atlantic croaker obtained in this study were
between 1-2 years of age (based on their average body size of 165 mm SL; Parker 1971). Since
adult Atlantic croaker are not known to migrate vertically for foraging, this pattern may be best
explained by net avoidance during times of increased visibility, resulting in lower catches during
the day. I only detected this difference during 3 cruises (winter 2008, spring 2009, and summer
2009), likely due to either seasonal migration (discussed below) or seasonal changes in visibility
and the depth of the photic zone. During the spring and summer months, when visibility is high
and the photic zone is deep due to calm weather, Atlantic croaker may better avoid nets during
the day. During fall and winter, storms reduce the visibility near the sea floor mitigating the net
avoidance of Atlantic croaker during the daytime. It is unclear why the interaction was
significant in winter 2008 and not in winter 2010; however, the background natural variability in
this system in unknown and trends may change with an increased sampling effort. Brown
shrimp abundances were also higher during night trawls. This difference is most likely due to
the burying behavior they exhibit in response to light stimuli. Brown shrimp are known to bury
into sediments during the daytime (Lakshmi et al., 1976), making them difficult to sample via
trawling during the day. At night they emerge to forage and can be easily captured in bottomtrawls. In contrast with Atlantic croaker and brown shrimp, squid abundances were significantly
higher during the day than at night. This is likely explained by their foraging behavior, in which
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they migrate vertically into the water column at night to feed. Benthic communities were not
sampled in distinct time periods as were trawls, due to the lack of evidence for diurnal changes in
their abundances.
2.4.3 Season
I found evidence of temporal shifts in the overall community structure and individual
species abundances within the demersal and benthic community. Differences in the abundance
of Atlantic croaker, rock sea bass, paper scallops, squid, and Levinsenia sp. contributed
significantly to the community-wide temporal shifts (Figure 2.4 C). Atlantic croaker is known to
spawn offshore in the Gulf of Mexico from September to late March, with offshore abundance
peaking in October (White and Chittenden, 1977). In this study I observed significantly higher
Atlantic croaker abundances at our offshore locations from November 2008 to July 2009, a much
longer period than described in White and Chittenden (1977). The highest rock sea bass
abundance was observed in winter 2008. The literature on the seasonal migration of rock sea
bass is scarce; however, congeners have exhibited seasonal migrations similar to Atlantic
croaker, with offshore abundances peaking in the fall (Bowen and Avise, 1990). Squid, Loligo
sp., are known to migrate offshore to spawn from November until March on the Atlantic coast of
North America and are concentrated inshore during summer months (Summers, 1968). In our
study, squid abundance peaked in the spring and decreased throughout the year until the winter
of 2010, suggesting that the Gulf of Mexico migration may occur later in the year. Paper
scallops are not known to migrate, though I found higher abundances in the winter. This may be
due to inconsistencies in the sampling. Based on observations, trawl depth was more variable
during rougher winter weather. As a result, trawls may have scraped along the sea floor,
collecting more scallops and epibiota residing on top of the sediments. It is unclear why the
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polychaete Levinsenia sp., abundance peaked in the winter 2010. Since they are not known to
experience seasonal changes in abundance, this pattern may be best explained by natural
variability. The background information on natural variability in this system is scarce and I may
come to different conclusions with an increased sampling effort. Temporal shifts in community
structure may also be a result of disturbances in the area associated with hurricanes. Hurricane
Gustav passed over the study site in September 2008, prior to the first collection of this study,
and little other disturbance occurred afterward. Though platform communities always appeared
to be well-populated (personal observation), it is possible that the disturbance may have affected
the community structure; however, testing of this hypothesis was not possible due to a lack of
data prior to Gustav.
2.4.4 Platforms
All platforms examined in this study were in similar water depths, had similar
geographical position, and were all isolated from other platforms by at least 5 km. Two “types”
of platforms were examined: toppled (to serve solely as artificial reefs) and standing (operational
platforms). Standing platforms span the entire height of the water column and can, therefore,
support a fouling community that reaches into the photic zone, while toppled platforms lie on the
sea floor and have less light available to organisms within the fouling community. I expected to
observe differences in the associated benthic and demersal communities on standing vs. toppled
platforms. However, based on multidimensional analyses, I concluded that greater variation
existed within groups than between them. One platform (EI 322, toppled) was significantly
different from all other platforms. Exploratory pairing of different platforms yielded significant
differences between all groupings driven by the difference in EI 322. Therefore, I treated all
platforms as independent, randomly selected entities. It is not clear why the community at EI
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322 was different from other platforms. EI 322 was the northernmost platform studied. It was
also sampled with less intensity than other sites, as it was always sampled last and was not
visited if the weather became unfavorable near the end of cruises. The overall average
abundance was higher at EI 322 than other platforms, driven mostly by higher abundances of
brown shrimp, Atlantic croaker, and the polychaete, Nephtys incisa. Other species- and sitespecific differences were observed, but no major trend was seen at the other platforms.
Additional sampling with higher replication is needed to confirm this pattern.
2.5 Conclusions
The biological and environmental gradients associated with platforms and their effects on
the diversity and abundance of demersal and benthic communities near platforms are either
localized to < 250 m or negligible at the sites examined in this study even though effects of timeof-day, season and platform were detected. It is possible that significant gradients exist in the
area immediately adjacent (< 250 m) to platforms. Additional research is needed to further
examine these gradients at closer distances and at more intervals.
There was no evidence of a foraging halo created by preferential foraging of red snapper
near platforms. I did not detect the depletion of prey or any changes in overall abundance of fish
or demersal and infaunal invertebrates as a function of distance, suggesting that foraging halos
are either smaller than 250 m in diameter or predation pressure is not high enough to offset the
potential increase in productivity of lower trophic levels near platforms. Future studies should
focus on distances less than 250 m from platforms or on grouped platforms.
2.6 Literature Cited
Aguzzi, J. and N. Bahamon (2009). Modeled day-night biases in decapod assessment by bottom
trawling survey. Fisheries Research 100(3): 274-280.

46

Ambrose, R. F. and T. W. Anderson (1990). Influence of an artificial reef on the surrounding
infaunal community. Marine Biology 107(1): 41-52.
Beaver, C. R. (2002). Fishery productivity and trophodynamics of platform artificial reefs in the
northwestern Gulf of Mexico, Texas A&M University. Ph. D.: 112.
Bohnsack, J. A. (1989). Are high-densities of fishes at artificial reefs the result of habitat
limitation or behavioral preference? Bulletin of Marine Science 44(2): 631-645.
Bohnsack, J. A. (1994). How marine fishery reserves can improve reef fisheries. ProceedingsGulf and Caribbean Fisheries Institute. 43: 217–241.
Bomkamp, R. E., H. M. Page, and J. E. Dugan (2004). Role of food subsidies and habitat
structure in influencing benthic communities of shell mounds at sites of existing and
former offshore oil platforms. Marine Biology 146(1): 201-211.
Bortone, S. A. (1998). Resolving the attraction-production dilemma in artificial reef research:
Some yeas and nays. Fisheries 23(3): 6-10.
Bowen, B. W. and J. C. Avise (1990). Genetic-structure of Atlantic and Gulf of Mexico
populations of sea bass, menhaden, and sturgeon - influence of zoogeographic factors and
life-history patterns. Marine Biology 107(3): 371-381.
Bull, A. S. and J. J. Kendall (1994). An indication of the process - offshore platforms as artificial
reefs in the Gulf of Mexico. Bulletin of Marine Science 55(2-3): 1086-1098.
Carney, R. S. (2004). Characterization of algal-invertebrate mats at CMI study platforms and
assessment of methods for artificial substrate studies. M. M. S. U.S. Department of the
Interior, Gulf of Mexico OCS. New Orleans: 1-29.
Carpentieri, P., F. Colloca, G. D. Ardizzone (2005). Day-night variations in the demersal nekton
assemblage on the Mediterranean shelf-break. Estuarine Coastal and Shelf Science 63(4):
577-588.
Davis, G. E. (1985). Artificial structures to mitigate marina construction impacts on spiny
lobster, Panulirus argus. Bulletin of Marine Science 37(1): 151-156.
Diaz, R. J. and R. Rosenberg (1995). Marine benthic hypoxia: A review of its ecological effects
and the behavioural responses of benthic macrofauna. Oceanography and Marine Biology
- an Annual Review 33: 245-303.
Dokken, Q.R., K. Withers, S. Childs, and T. Riggs (2000). Characterization and comparison of
platform reef communities off the Texas coast. Prepared for Texas Parks and Wildlife
Department. Texas A&M University Corpus Christi. 75 pp.

47

Ellis, M. S., E. A. Wilson-Ormond, and E. N. Powell (1996). Effects of gas producing platforms
on continental shelf macroepifauna in the northwestern Gulf of Mexico: Abundance and
size structure. Canadian Journal of Fisheries and Aquatic Sciences 53(11): 2589-2605.
Grippo, M. A., J. W. Fleeger, N. N. Rabalais, R. Conrey, and K. R. Carman (2010). Contribution
of phytoplankton and benthic microalgae to inner shelf sediments of the north-central
Gulf of Mexico. Continental Shelf Research 30(5): 456-466.
Gallaway, B. J. And G. S. Lewbel (1982). The ecology of petroleum platforms in the
northwestern Gulf of Mexico: a community profile. U. S. Department of the Interior.
Washington, D.C.
Harmelin-Vivien, M. L. and P. Francour (1992). Trawling or visual censuses - methodological
bias in the assessment of fish populations in seagrass beds. Marine EcologyPubblicazioni Della Stazione Zoologica Di Napoli I 13(1): 41-51.
Kaiser, M. J. and R. A. Kasprzak (2008). The impact of the 2005 hurricane season on the
Louisiana Artificial Reef Program. Marine Policy 32: 956-967.
Kennicutt, M. C., R. H. Green, P. Montagna, and P. F. Roscigno (1996). Gulf of Mexico offshore
operations monitoring experiment (GOOMEX), phase I: Sublethal responses to
contaminant exposure - Introduction and overview. Canadian Journal of Fisheries and
Aquatic Sciences 53(11): 2540-2553.
Lakshmi, G. J., A. Venkataramiah, and G. Gunter (1976). Effects of salinity and photoperiod on
burying behavior of brown shrimp Penaeus aztecus ives. Aquaculture 8(4): 327-336.
Leitao, F., M. N. Santos, K. Erzini, and C. C. Monteiro (2008). The effect of predation on
artificial reef juvenile demersal fish species. Marine Biology 153(6): 1233-1244.
Lewbel, G. S., R. L. Howard, and B. J. Gallaway (1987). Zonation of dominant fouling
orgainsms on northern Gulf of Mexico petroleum platforms. Marine Environmental
Research 21(3): 199-224.
Lindberg, W. J., T. K. Frazer, and G. R. Stanton (1990). Population effects of refuge dispersion
for adult stone crabs (Xanthidae, Menippe). Marine Ecology-Progress Series 66(3): 239249.
Lingo, M. E. and S. T. Szedlmayer (2006). The influence of habitat complexity on reef fish
communities in the northeastern Gulf of Mexico. Environmental Biology of Fishes 76(1):
71-80.
McCawley, J. R. and J. H. Cowan (2007). Seasonal and size specific diet and prey demand of red
snapper on Alabama artificial reefs. American Fisheries Society Symposium 60: 77-104.

48

McGlennon, D. and K. L. Branden (1994). Comparison of catch and recreational anglers fishing
on artificial reefs and natural seabed in Gulf St. Vincent, south-Australia. Bulletin of
Marine Science 55(2-3): 510-523.
Montagna, P. A., S. C. Jarvis, and M. C. Kennicutt (2002). Distinguishing between contaminant
and reef effects on meiofauna near offshore hydrocarbon platforms in the Gulf of
Mexico. Canadian Journal of Fisheries and Aquatic Sciences 59: 1584-1592.
Morato, T., R. S. Santos, and J. P. Andrade (2000). Feeding habits, seasonal and ontogenetic diet
shift of blacktail comber, Serranus atricauda (Pisces: Serranidae), from the Azores,
north-eastern Atlantic. Fisheries Research 49(1): 51-59.
Moreau, S., C. Peron, K. A. Pitt, R. M. Connolly, S. Y. Lee, and T. Meziane (2008).
Opportunistic predation by small fishes on epibiota of jetty pilings in urban waterways.
Journal of Fish Biology 72(1): 205-217.
Overstreet, R. M. and R. W. Heard (1978). Food of the Atlantic croaker, Micropogoniasundulatus, from Mississippi sound and the Gulf of Mexico. Gulf Research Reports 6(2):
145-152.
Parker, J.C. (1971). The biology of the spot, Leiostomus xanthurus Lacepede, and Atlantic
Croaker, Micropogon undulatus (Linnaeus), in two Gulf of Mexico nursery areas. Sea
Grant Publication No. TAMU-SG-71-210. Texas A&M University. 182 pp.
Peterson, C. H., M. C. Kennicutt, R. H. Green, P. Montagna, D. E. Harper, E. N. Powell, and P.
F. Roscigno (1996). Ecological consequences of environmental perturbations associated
with offshore hydrocarbon production: A perspective on long-term exposures in the Gulf
of Mexico. Canadian Journal of Fisheries and Aquatic Sciences 53(11): 2637-2654.
Pickering, H. and D. Whitmarsh (1997). Artificial reefs and fisheries exploitation: A review of
the 'attraction versus production' debate, the influence of design and its significance for
policy. Fisheries Research 31(1-2): 39-59.
Polovina, J. J. (1989). Artificial reefs: nothing more than benthic fish aggregators.
ColCOFl Rep. Vol. 30: 37-39.
Rabalais, N. N. and D. F. Boesch (1987). Dominant features and processes of continental shelf
environments of the United States. Long Term Environmental Effects of Offshore Oil
and Gas Development. D. F. Boesch and N. N. Rabalais. New York, Elsevier Applied
Science.
Russ, G. R. (1980). Effects of predation by fishes, competition, and structural complexity of the
substratum on the establishment of a marine epifaunal community. Journal of
Experimental Marine Biology and Ecology 42(1): 55-69.

49

Ryer, C. H. (2008). A review of flatfish behavior relative to trawls. Fisheries Research 90(1-3):
138-146.
Sedberry, G. R. and N. Cuellar (1993). Planktonic and benthic feeding by the reef-associated
vermillion snapper, Rhomboplites aurorubens (Teleostei, Lutjanidae). Fishery Bulletin
91: 699-709.
Stanley, D. R. and C. A. Wilson (1996). Abundance of fishes associated with a petroleum
platform as measured with dual-beam hydroacoustics. ICES Journal of Marine Science
53: 473–475.
Stanley, D. R. and C. A. Wilson (2004). Effect of hypoxia on the distribution of fishes associated
with a petroleum platform off coastal Louisiana. North American Journal of Fisheries
Management 24: 662-671.
Stone, R. B., H. L. Pratt, R. O. Parker, and G. E. Davis (1979). Comparison of fish populations
on an artificial and natural reef in the Florida Keys. Marine Fisheries Review 41(9): 1-11.
Summers, W. C. (1968). The growth and size distribution of current year class Loligo pealei.
Biology Bulletin 135 : 366-377.
Thorrold, S. R. (1992). Evaluating the performance of light traps for sampling small fish and
squid in open waters of the central great-barrier-reef lagoon. Marine Ecology-Progress
Series 89(2-3): 277-285.
Wells, R. J. D., J. H. Cowan, and B. Fry (2008). Feeding ecology of red snapper Lutjanus
campechanus in the northern Gulf of Mexico. Marine Ecology Progress Series 361: 213225.
Wheeler, R. B., J. B. Anderson, R. R. Schwarzer, and C. L. Hokanson (1980). Sedimentary
processes and trace-metal contaminants in the Buccaneer Oil Gas Field, northwestern
Gulf of Mexico. Environmental Geology 3: 163-175.
White, M. L. and M. E. Chittenden (1977). Age-determination, reproduction, and populationdynamics of Atlantic croaker, Micropogonias undulatus. Fishery Bulletin 75(1): 109-123.
Wilding, T. A. (2006). The benthic impacts of the Loch Linnhe Artificial Reef. Hydrobiologia
555: 345-353.
Wolfson, A., G. Vanblaricom, N. Davis, and G. S. Lewbel (1979). Marine life of an offshore oil
platform. Marine Ecology-Progress Series 1: 81-89.
Yousif, A. (2003). Diel variability of size and catch rate of three fish species and three penaeid
prawns in the NW Red Sea trawl fishery. Fisheries Research 63(2): 265-274.

50

CHAPTER 3. WHAT IS THE BASAL RESOURCE OF REEF-DEPENDENT AND REEFASSOCIATED COMMUNITIES?
3.1 Introduction
There are over 4000 oil and gas platforms in the Gulf of Mexico, and all function as
artificial reefs. Like other artificial reefs, they support abundant and diverse “fouling”
communities. Offshore in the Gulf of Mexico, these communities are dominated by barnacles
(i.e. Balanus tintinnabulum) and bivalves (including Chama macerophylla and several species of
oysters), which create microhabitats that support a high diversity of other reef-dependent
organisms including amphipods, tanaids, harpacticoid copepods, polychaetes, crabs, and small
reef-fishes (Gallaway and Lewbel, 1982; Lewbel et al., 1987). Structures that reach into the
photic zone are also fouled with benthic primary producers. These producer communities in the
Gulf of Mexico are dominated by red (i.e. Polysiphonia sp.) and green macroalgae (i.e. Derbesia
sp.), epiphytic diatoms, filamentous blue-green algae and cyanobacteria (Carney, 2005;
Gallaway and Lewbel, 1982; Lewbel et al., 1987). Seasonal fluctuations of algal species
composition have been observed in other systems (i.e. Cape Cod, Sears and Wilce, 1975 and
northern Japan, Noda et al., 2003). While green algae is often found year round, red algae
biomass often peaks in the summer months and is less common in winter and spring (Kain and
Norton, 1990; Sears and Wilce, 1975; Noda et al., 2003). However, Kaldy et al. (1995) found no
evidence of seasonal shift in algal species composition on rock jetties in the northwestern Gulf of
Mexico. The role of these primary producers in the food webs on and near platforms is unclear.
These algae may be incorporated into the food web as basal resources if they are grazed by
platform-dwelling herbivores. However, several species of red algae are unpalatable to
particular consumers, possibly due to toughness and/or distastefulness (Kain and Norton, 1990),
and may, therefore, not have a significant role in the food web. The large number of suspension
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feeders (i.e., barnacles and oysters; Gallaway and Lewbel, 1982) can capture, assimilate and
process phytoplankton and make their resulting secondary production readily available to smaller
consumers on the platforms in the form of flesh, secretions and/or waste products (Beaver,
2002). Phytoplankton may also get “trapped” in crevices and adhere to the surfaces of
organisms. The food of reef-dependent biota on artificial reefs is also poorly known. Many of
the small animals (amphipods, polychaetes, harpacticoid copepods etc.) on platforms live in
direct association (presumably as commensals) with larger suspension feeders and could be
feeding directly on the larger animals (or their waste products) or some other food source
independent of hosts (see Tandberg et al., 2010).
Predator biomass can also be high near platforms as reef-associated nekton are often
found in high abundances within 18-60 m of reefs (Stanley and Wilson, 1996; Boswell,
unpublished). It has been proposed that the high abundance of organisms dependent on and
associated with artificial reefs may be due to increased food resources associated with these
structures (i.e., the production hypothesis). However, several studies suggest that high
abundances of fish near artificial reefs may be due not only to increased production, but to an
attraction of nekton to the structures as nekton aggregate to artificial reefs from the surrounding
areas when seeking refuge from predators (i.e., the attraction hypothesis; Bohnsack, 1989;
Polovina, 1989; and others). Though these hypotheses are not mutually exclusive and may both
play a role in the effect of artificial reefs on nearby communities (Pickering and Whitmarsh,
1997; Wilson et al., 2001), analyzing the transfer, or lack thereof, of platform food resources to
surrounding communities should broaden our understanding of this issue. Are the primary
producers endemic to platforms ingested by consumers and incorporated into the reef-dependent
and/or reef-associated food webs? If reef-dependent communities fuel the reef-associated
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communities (as the production hypothesis suggests), reef-associated primary production should
be incorporated as the basal resource of the diets of organisms feeding on or near platforms.
However, if reef-associated algae are unpalatable or consumed in relatively low amounts, then
phytoplankton will serve as the dominant basal resource for the diets of these organisms.
Traditional gut content analysis has been primarily used to determine if platform resources
contribute to the diets of nearby consumers (Fabi et al., 2006; Relini et al., 2002; Szedlmayer et
al., 2004; Johnson et al., 1994; Moreau et al., 2008). These studies are often focused on
secondary consumers and therefore cannot directly determine the basal resource of these
systems. Benthic algae associated with hard-bottom communities in the Caribbean (Behringer
and Butler, 2006), oyster farms in the Uwa Sea, Japan (Doi et al., 2008; Fukumori et al., 2008),
and sedimentary communities off the Korean peninsula (Kang et al., 2003) have been shown to
contribute to the diets of nearby consumers using stable isotope analysis, but no studies to date
have performed similar analyses on platform communities.
Basal resource determination and trophic interactions can be studied using stable isotope
analysis. In this analysis, the ratio of heavy to light stable isotopes is measured and used to
“track” food sources through a food web and determine trophic relationships among members of
a food web (Peterson, 1999; Fry, 2006). Metabolic differences in primary producers, such as
phytoplankton and benthic microalgae, contribute to variation in the composition of naturally
occurring isotopes (13C/12C and 15N/14N). The low velocity of water in the benthic boundary
layer partially equalizes uptake of heavy and light isotopes by benthic microalgae, while
phytoplankton obtain nutrients from the water-column opportunistically (France, 1995). As a
result, benthic microalgae are generally enriched in the heavy isotopes (13C and 15N) while
phytoplankton are relatively depleted. However, many species of red algae (Rhodophyta) are
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depleted in carbon relative to phytoplankton and benthic microalgae due to differences in
inorganic carbon sources. Phytoplankton and benthic microalgae have the ability to assimilate
inorganic carbon from CO2 as well as bicarbonates (HCO3-), while some red algae rely solely on
CO2 (Raven et al., 1995). During the fixation of inorganic carbon from CO2, fixation of light
isotopes is faster than heavy isotopes, resulting in the assimilation of more 12C relative to 13C.
Less discrimination occurs in the fixation of carbon from HCO3-, and organisms utilizing this
inorganic carbon are generally enriched in 13C compared to those using only CO2 (Raven et al.,
1995).
When basal resources are sufficiently different from one another, stable isotope analysis
can be useful in determining the contribution of each resource to the diet of consumers. The
carbon and nitrogen of food items are incorporated in the tissues of consumers. Therefore, the
ratio of carbon and nitrogen isotopes in a consumer will be reflective of their diet. However,
carbon and nitrogen isotopes undergo trophic enrichment (i.e. fractionation). Trophic
enrichment is a change in the ratio of stable isotopes as food (substrate) is converted into tissue
(product) during assimilation (Peterson and Fry, 1987). Estimates of this trophic enrichment
suggest that the δ13C values are increased by around 0.5-1‰ from prey to predator, while δ15N
values are increased by around 3-3.4‰ from prey to predator (Peterson and Fry, 1987). These
changes accumulate from the primary producers to higher trophic levels. Since δ13C increases
only a small amount per trophic level, it is often used in the determination of basal resources,
while δ15N values are more useful in trophic level determination since these values increase by
3.4‰ with each trophic level. When used together, these isotopes can yield important
information about the details of a food web.
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This study was designed to assess the role of primary production associated with platforms in
the food webs of the communities both residing directly on platforms as well those nearby using
stable isotope analysis. Two of the four platforms studied in Chapter 1 were selected for study.
Both are standing, operational platforms that support fouling communities on surfaces that span
the entire height of the water column. Platform communities as well as nearby benthic and
demersal communities were sampled in 3 collections between August and December 2009. I
performed dual C and N stable isotope analysis on consumers along with potential basal
resources to test H01: there is no contribution of endemic primary production to reef-dependent
consumers on platforms, H02: there is no contribution of endemic primary production to reefassociated demersal and benthic communities, and H03: there is no effect of distance from
platforms on the isotopic composition of nearby consumers.
3.2. Methods
3.2.1 Study Site
The study site was located approximately 130 km off the coast of Louisiana in the Eugene
Island (EI) oil field near 28º 14’10”N 91º 24’70”W in the northern Gulf of Mexico (see Figure
2.1). Within this site, two operational platforms located on EI blocks 325 and 346 were chosen
for study. These platforms began production in 1989 and 1998, respectively, and they are
located near the continental shelf edge in water depths of 76 m (EI 325) and 95 m (EI 346). The
reef-dependent communities on each platform were sampled in September of 2009, while reefassociated demersal and benthic communities were sampled both near to and far from each
platform in August and December of 2009.
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3.2.2. Sampling Procedure
To analyze the food webs on and near platforms, I collected primary producers and
epibenthic consumers residing on platforms as well as reef-associated demersal and infaunal
consumers. Reef-dependent communities were sampled in September 2009 utilizing SCUBA.
Divers sampled two legs of each platform at 0-m, 6-m, 12-m, 18-m, and 30-m depths. At each
depth, divers removed barnacles and bivalves (and incidentally resident organisms) from the
surfaces of the platform legs by hand, placing contents into 250-µm mesh bags (volume =
approximately 8 L). Contents of the bags were stored at -20 ºC. Gray triggerfish were collected
using spear fishing equipment. Stomachs of these fish were immediately removed and stored in
liquid nitrogen until further processing. Muscle tissue samples were taken from the dorsal
posterior region and stored at -20 ºC. Water column particulate organic matter (WPOM) was
sampled at several depths using a cinch net designed to sample at discrete depths. A “cinch line”
(which held the net closed with a slip knot) was used to deploy and retrieve a phytoplankton net
(30 µm mesh), while a tow line (which was attached to the head of the net, allowing it to open)
was used to tow the net for 2 to 3 5-minute intervals near the surface, at a mid-water depth
(approximately 30 m), and a near-bottom depth (approximately 60 m). Depths varied with boat
speed and current velocities and were estimated based on data recorded by a Minilog-TD.
Samples obtained within the nets were stored at -20 °C until further processing.
In the laboratory, samples from platform surfaces were defrosted and the epifaunal
barnacle and/or bivalves were rinsed 2-3 times over 20-µm, 63-µm, and 250-µm stacked sieves
to remove all organisms from their surfaces. Contents retained on each sieve were stored in
individual containers and used for various purposes. Epiphytes were extracted from the 20 µm
size fraction. A “swirl and decant” method was used in which the contents of the sample that
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settle quickly after disturbance (likely the heavier sediment and shell fragments) remain in one
dish, while the more buoyant contents (likely epiphytic diatoms) are poured off into another.
This process was repeated until the solution was free of most shell fragments and large sediment
particles, as verified using a dissection microscope. Epiphytes in the solution were collected on
a Whatman glass filter. Filters were dried at 75 ºC for at least 48 hours and homogenized.
Samples were fumed with HCL to dissolve inorganic carbonates and dried again in preparation
for stable isotope analysis. Consumers living on platform surfaces were obtained from the >
250-µm size fraction. Using a dissection microscope, animals were extracted and identified to
lowest practical taxon. Two families of amphipods (Stenothoidae and Melitidae), 4 species of
crabs (Teleophrys pococki, Pseudomedaeus agassizii, Pachygrapsus transverses, and
Micropanope nuttingi), 1 family of polychaetes (Syllidae), harpacticoid copepods, and 2 species
of blennies (Scartella cristata and Hypsoblennius invemar) were selected for stable isotope
analysis from the SCUBA cruise. Individuals of the same species collected from a particular
platform, leg, and depth were pooled into one sample. Sample sizes (n) ranged from 5 to 20, and
the number of individuals pooled in each sample ranged from 2 to 40 for amphipods, from 1 to 4
for all species of crabs, from 20-100 for syllid polychaetes, > 400 for harpacticoid copepods and
was always 1 for blennies. Numbers of individuals and sample sizes depended both on the
availability of organisms in a sample and the mass of individuals. Entire organisms were dried at
75 ºC for at least 48 hours and homogenized. After homogenization, crabs were acidified using
HCl (directly onto sample) to remove carbonates associated with the calcification of their
exoskeleton. Crab samples were dried at 75 ºC for another 48 hours in preparation for stable
isotope analysis. The depressor muscle of the tergum of barnacles and the central adductor
muscle of bivalves were removed from up to 5 individual barnacles and bivalves (depending on
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how many were collected in a particular sample). Individuals of the same species collected from
a particular platform, leg, and depth were pooled into one sample. Each muscle tissue sample
was dried at 75 ºC for at least 48 hours and homogenized in preparation for stable isotope
analysis. A total of 10 barnacle (Balanus tintinnabulum) and 10 bivalve (Chama cf.
macerophylla and Ostrea sp.) samples were obtained and used in stable isotope analysis,
representing over 60 individuals. The remaining shells of barnacles and bivalves were scraped
with forceps to remove the attached algae. Using a dissection microscope, samples were cleaned
of shell and debris and separated into the following taxonomic groups: red algae, red foliose
algae, green algae, and detritus (unidentified material believed to be fecal matter and/or
phytoplankton trapped in crevices from the water-column). Samples of each group were dried at
75 ºC for at least 48 hours and homogenized in preparation for stable isotope analysis.
Phytoplankton was isolated from WPOM by filtering the < 125 µm size fraction using a
Whatman glass filter. Filters were dried at 75 ºC for at least 48 hours and homogenized.
Samples were fumed with HCl to dissolve inorganic carbonates and dried again in preparation
for stable isotope analysis.
In August and December of 2009, demersal fish and scallops were collected for isotope
analysis via bottom trawl both at 250 m (near) and 1.5 km (far) from each platform (see Chapter
1, Methods). The following species were determined to be of interest based on high abundances
and feeding strategies: Micropogonias undulatus (Atlantic croaker, ubiquitous opportunistic
feeder), Centropristis philadelphica (rock sea bass, reef-associated opportunistic feeder), and
Halieutichthys aculeatus (pancake batfish, reef-associated and highly dependent on sedimentary
infauna) and Amusium papyraceum (paper scallops, benthic filter-feeder with limited mobility).
Lutjanus campechanus (red snapper, reef-associated top predator) and Balistes capriscus (gray
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triggerfish, reef-dependent omnivore) were also collected in August 2009, but only near
platforms and using a hook and line. Muscle tissue samples were extracted from the dorsal
posterior region of each fish and stored at -20 ºC. The stomachs of each fish were immediately
removed and stored in liquid nitrogen to prevent further digestion. In the laboratory, stomach
contents were examined and identified to lowest practical taxon. Contents were not quantified as
in traditional gut content analysis; however, descriptive records of the contents were taken. All
contents of an individual stomach were pooled together into one sample for isotopic analysis to
obtain the isotopic composition of the last meal eaten by the fish. Thirty-seven Atlantic croaker,
30 rock sea bass, 15 red snapper, and 6 triggerfish stomachs were analyzed. The minimum mass
required for this analysis was not obtained for the stomach contents of pancake batfish; therefore,
only the muscle tissue of this species was analyzed. The stomach contents were dried at 75 ºC
for at least 48 hours and homogenized in preparation for stable isotope analysis. Muscle tissues
of all fish collected were dried at 75 ºC for at least 48 hours in preparation for stable isotope
analysis. The central adductor muscle was removed from 1-5 scallops per trawl (depending on
how many were collected). Scallops from the same trawl were pooled and stored at -20 ºC. A
total of 18 samples, representing over 50 individual scallops, were dried at 75 ºC for at least 48
hours and homogenized in preparation for stable isotope analysis. Scallops were also collected
very far (> 6 km) from platforms in fall of 2009 to test the assumption that samples collected at a
distance of 1.5 km from platforms were not influenced by platforms.
Infaunal polychaetes were collected for isotope analysis via ponar grab both near to (250
km) and far from (1.5 km) EI 325 and EI 346 in August and December of 2009 (see Chapter 1,
Methods). All sediment was rinsed through a 500 µm sieve and retained contents were stored at
-20 ºC. Individuals were identified to lowest practical taxon and then grouped into families.
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Individuals from the families Cossuridae, Paraonidae, and Magelonidae were collected to
represent deposit-feeders, while individuals from the families Lumbrineridae and Nephtyidae
were collected to represent sedimentary predators. Within each family, 3-6 individuals were
pooled within and across replicates. A total of 5 pooled samples were dried at 75 ºC for at least
48 hours and homogenized in preparation for stable isotope analysis.
3.2.3. Data Analysis
Dual carbon and nitrogen stable isotope analysis was performed at the Stable Isotope
Facility at the University of California at Davis using a PDZ Europa ANCA-GSL elemental
analyzer interfaced to a PDZ Europa 20-20 isotope ratio mass spectrometer (Sercon Ltd.,
Cheshire, UK). Results were expressed as delta values as determined by the following equation:
δ13C or δ 15N = [(Rsample/Rstandard)-1] x 1000
where Rsample is the ratio of the heavy to light isotopes in the sample (i.e. 13C/12C and 15N/14N)
and Rstandard is the ratio of the heavy to light isotopes in PeeDee limestone for carbon values and
nitrogen gas in the atmosphere for nitrogen values. The two legs sampled at each platform were
considered replicates and were pooled in all analyses. Differences in isotopic composition for all
producers and consumers between the two platforms (EI 325 and EI 346), were tested with a ttest (or Mann-Whitney test for data that failed normality). If the difference between platforms
was not significant, data from EI 325 and EI 346A were pooled throughout all analyses.
To determine if primary producers endemic to platforms are incorporated into the food
web of reef-dependent organisms, the isotopic compositions (in terms of delta values) were
compared among primary producers and consumers collected from August-December of 2009.
The isotopic compositions of the primary producers were compared in separate one-way
ANOVAs for 13C and 15N values to determine if the basal resources differ from one another.
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Isotopic compositions of consumers collected on (reef-dependent) and near (reef-associated)
platforms were compared to one another as well as to potential primary producers (red algae,
phytoplankton, and epiphytic diatoms) both graphically in unadjusted δ13C and δ15N bi-plots as
well as quantitatively using IsoSource (Phillips and Gregg, 2003), a program capable of
calculating the range of all possible contributions of multiple sources within a tolerance of 0.1‰
based on linear mixing models. Three sources (red algae, phytoplankton, and epiphytic diatoms)
and 1 isotope (13C) were included in the model. Only 13C was used in the model because the
difference in 15N among producers was not significant and arbitrary adjustments for 15N trophic
enrichment could skew results. To account for trophic enrichment, I determined the appropriate
adjustments using 15N values. First, the following equation was used to determine the trophic
level of each consumer:
δ15Nconsumer - δ15Nproducers = Trophic Level
E
where the δ15Nconsumer is the average delta value of a particular consumer, δ15Nproducers is the
average delta value of potential primary producers (3.52‰ ± 1.1), and E is the conservative
estimated enrichment of 15N per trophic level (3‰, a conservative estimate). For each trophic
level of the consumer, 13C values were adjusted by 0.5‰ (the estimated enrichment of 13C per
trophic level) to achieve the appropriate value to include in the mixing model. Consumers with a
trophic level < 1 were adjusted by 0.5‰ (the minimum). Results of the mixing model were
reported as minimum and maximum values (or ranges), not means, of all possible contributions.
Minimum contribution estimates greater than zero indicate that some contribution of the source
to the diet of an individual (or individuals for pooled samples) is likely. In cases where
minimum and maximum values indicated that a source had no contribution to a consumer’s diet,
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a second mixing model was used with the two remaining sources using IsoError (Phillips and
Gregg, 2001). IsoError is a program capable of calculating proportion estimates with a 95%
confidence interval when there are n (1 or 2) isotopes and n+1 consumers. The variability of the
isotopic composition of sources and consumers are considered in IsoError estimates (Phillips and
Gregg, 2001). Results of the two-source mixing model are reported as 95% confidence intervals
of estimated proportion of each source to the diet of consumers. Molar carbon:nitrogen ratios
were used to support mixing model estimates of the stomach contents of nekton. Animal tissue
typically has a molar C:N ratio of approximately 3.5, while plant tissue typically has a ratio
ranging from 10-20 (Fry, personal communication). Therefore, these ratios can be used to
distinguish between plant and animal tissue in the gut contents of reef-dependent and reefassociated nekton.
The distance effect on isotopes near platforms due to the influence of basal resources
associated with platforms was tested by comparing near (250 km) and far (1.5 km) isotopic
compositions of 13C and 15N for fish and scallop muscle tissue as well as infaunal polychaetes
and bulk sediment. Comparisons were made using a paired t-test, in which values of near
replicates were averaged and then paired to the coinciding average values from far collections,
eliminating the statistical “noise” resulting from differences among cruises, sites, or time of
collection. Significant p-values indicate significant differences between near and far isotope
compositions.
3.3 Results
3.3.1 Basal Resource of Platform Community
The dominant basal resources accessible to animals residing directly on platforms between
August and October 2009 were phytoplankton, red algae, and epiphytic algae. Based on a
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qualitative assessment of the epiphytic algae, samples consisted mostly of diatoms (many of
which were of the pennate type). Green and red foliose algae were also present, but were
abundant enough to analyze in very few samples (n = 2). As noted as part of a larger study of
these same platforms, large shifts in the community composition of algae were apparent on the
platforms with green algae more abundant in winter and red algae more abundant in summer
(personal observation).
Only 15N values of epiphytic diatoms differed between the two platforms (t-test, p =
0.036). Red algae, phytoplankton, and epiphytes were distinct from one another in 13C isotopic
composition (Mann-Whitney, p < 0.05), but not in 15N (Mann-Whitney, p > 0.05, Table 3.1).
Phytoplankton δ13C values varied significantly with water depth (p < 0.001), but remained within
the range of -23 to -17‰ (Figure 3.1 A). C:N molar ratios of phytoplankton ranged from 4.7 to
7.5, indicating that samples consisted primarily of phytoplankton material (C:N molar ratios > 8
suggest contamination by suspended sediment). C:N molar ratios also increased significantly
with depth (p < 0.001), indicating a depletion of carbon relative to nitrogen (Figure 3.1 B). No
water depth effect was observed in epiphytic diatoms or red algae (p = 0.795 and 0.347,
respectively). Epiphtyic diatoms were enriched in 13C (-16‰) relative to phytoplankton, a trend
often seen in benthic algae (France, 1995), while benthic red algae from the platforms were
highly depleted in 13C (-28‰) relative to phytoplankton (Table 3.1, Figure 3.2).
To determine if these basal resources are incorporated into the fouling community, their
values were compared to those of reef-dependent consumers (Table 3.2). The unadjusted 13C
values of consumers ranged from -22.01 to -17.55 ‰, a range similar to that of phytoplankton
(Figure 3.2). The 15N values of consumers ranged from 3.67 to12.08‰, indicating that groups
feed at several different trophic levels (Figure 3.2). A three-source mixing model (IsoSource,
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Table 3.1 Average δ13C and δ15N value ± 1 SE for the potential sources of primary production
near platforms.
Source
Phytoplankton

Fouling Algae

Surface
Mid-Water
Bottom
Red Algae
Epiphytes
Green Algae
Red Foliose Algae

δ 13C (±SE)

δ 15N (±SE)

-19.85 (± 0.29)
-21.22 (± 0.23)
-21.91 (± 0.27)
-27.79 (± 0.91)
-15.76 (± 0.73)
-19.68 (± 0.08)
-21.41 (± 0.39)

5.04 (± 0.48)
4.54 (± 0.36)
5.65 (± 0.43)
3.90 (± 0.41)
4.67 (± 0.32)
4.15 (± 0.05)
6.06 (± 0.32)
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Figure 3.1 Change in (A) δ13C value of phytoplankton with depth and (B) C:N molar ratio with
depth (n = 55). The equation of the line in (A) is Y = -19.84797 - 0.03999 * X (R2 = 0.32) and in
(B) is Y = 5.56543 - 0.01732 * X (R2 = 0.28).
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Figure 3.2 δ13C vs. δ15N bi-plot of consumers residing on platform legs obtained during the
September 2009 cruise along with primary producers. Primary producers are expressed as means
with error bars (±1 SD). Though error bars are not included on consumers, these data points
represent means of 3-20 samples of pooled individuals. Standard deviations are reported in
Table 3.2.

66

Reef- Dependent Nekton

Suspension- Feeders

Polychaeta

Blennidae

Amphipoda

Copepoda

Crabs

3.67 (± 1.01)

-21.49 (± 1.07)

Teleophrys pococki

-17.83 (± 0.55)

-19.02 (± 0.49)

Ostrea sp.
Triggerfish Muscle

-17.55 (± 1.91)

Balanus sp.

-18.74 (± 0.48)
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10.84 (± 0.74)

6.93 (± 1.85)

8.65 (± 1.31)

8.34 (± 0.60)

12.08 (± 0.69)

-18.50 (± 0.24)

Hypsoblennius invemar
Syllidae

10.94 (± 0.94)

5.68 (± 0.69)

-18.89 (± 0.27)

-19.80 (± 0.69)

Melitidae

4.58 (± 0.79)

3.91 (± 0.16)

5.13 (± 0.58)

Scartella cristata

-21.20 (± 0.85)

Stenothoidae

-20.63 (± 0.19)

-22.01 (± 0.44)

EI 346
Harpacticoida

-20.15 (± 0.31)

EI 325

6.36 (± 1.33)

5.11 (± 0.96)

-19.91 (± 0.92)

Pachygrapsus transversus
Micropanope nuttingi

5.14 (± 1.13)

-21.04 (± 0.73)

15

δ N

Pseudomedaeus agassizii

δ C

13

1.2

1.1

1.7

0.8

1.4

1.2

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

C
Adjustment

13

0-92

0-100

0-72

0-100

0-96

0-94

0-92

0-76

0-82

0-66

0-88

0-72

0-90

0-77

Phytoplankton

0-28

0-31

0-22

0-31

4-34

6-36

8-37

24-48

18-44

34-55

12-40

28-51

10-38

23-47

Red Algae

8-73

0-69

28-79

0-70

0-67

0-65

0-64

0-52

0-57

0-46

0-61

0-50

0-63

0-54

Epiphytes

% contribution to diet

Table 3.2 Average δ13C and δ15N value ± 1 standard deviation for reef-dependent organisms from the platform communities, 13C
adjustment values, the range of all possible contributions of phytoplankton, red algae, and epiphytic diatoms to the diets of each taxa
based on a three-source mixing model using IsoSource, and the molar C:N ratio of stomach contents. If differences were found
between replicate platforms, means from both are given. If no differences were found, samples from both platforms were pooled.

Phillips and Gregg, 2003) was used to quantify the minimum/maximum contributions from each
source. The minimum contribution of phytoplankton was zero for all organisms analyzed, while
the maximum contributions ranged from 69-100%, suggesting that dominance of phytoplankton
as the basal resource of this system is possible (Table 3.2).
Several taxa had partial contributions of red algae in their diet, indicated by a minimum
contribution greater than zero (Table 3.2). The crabs, Pseudomedaeus agassizii, Teleophrys
pococki, and Micropanope nuttingi (325 and 346), harpacticoid copepods, and stenothoid
amphipods had a minimum red algae contribution between 12% and 22%, suggesting that red
algae contributes to their diets. The maximum values of these consumers ranged between 40%
and 53%, suggesting that dominance of this food resource is unlikely. Average δ15N values for
all crabs, harpacticoid copepods, and stenothoid amphipods ranged from 3.7 to 6.4 ‰, indicating
they are likely primary consumers. In the remaining consumers, the estimated minimum
contributions of red algae included values less than 10%, indicating that minimal or no
contribution of red algae in their diets is possible (Table 3.2). This group of consumers was
diverse with several different feeding styles, including omnivorous amphipods, suspensionfeeding mollusks, and predatory blennies, syllid polychaetes, and grey triggerfish.
Epiphyte contribution ranges for all organisms were broad; the minimum of all reefdependents (except barnacles and grey triggerfish muscle) was 0, while the maximum estimates
ranged from 46% - 79% (Table 3.2). The minimum contribution of epiphytes to grey triggerfish
muscle was 8%, while the maximum was 73%. The minimum and maximum contribution
estimates for epiphytic algae within barnacles were 28% and 79%, respectively, suggesting that
this resource is likely incorporated into their diet.
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For those suspension-feeders without a significant contribution from red algae (barnacles,
oysters, and syllid polychaetes), a two-source mixing model comparing the contribution of
phytoplankton and epiphytes was conducted using IsoError (Phillips and Gregg, 2001). By
excluding red algae from the model, more distinct estimations of the remaining contributions
were possible. The 95% confidence interval for the estimated proportion of contribution of basal
resources in barnacle diets was 78% - 100% for phytoplankton and 0% - 22% for epiphytes
(Table 3.3). The 95% confidence interval for the estimated proportion of contribution of basal
resources in oyster and syllid polychaete diets were similar, ranging from ~21% - 100% for
phytoplankton and 0% - ~78% for epiphytes (Table 3.3).

Table 3.3 Basal resource contribution estimates for taxa with little evidence that red algae
contributes to diet. Values represent the 95% confidence interval of the estimates contribution of
phytoplankton and epiphytes based on a two-source mixing model using IsoError (Phillips and
Gregg, 2001).

Feeding Mode
Suspension-Feeders

Deposit-Feeders/Carnivores

Estimated % Contribution
Phytoplankton Epiphytes

Taxon
Oysters
Barnacles
Paper Scallops
Polychaetes

EI 325
EI 346
Syllidae
Magelona sp.
Lumbrineridae

78-100
31-100
76-100
72-100
79-100
31-100
59-100

0-21
0-69
0-24
0-28
0-21
0-68
0-41

3.3.2 Basal Resource of Nearby Community
To determine if the contribution of red algae and epiphytes extends into the reefassociated community, I performed a similar analysis comparing the isotopic composition of
nearby consumers to that of the platform primary producers. Nearby (250 m) benthic organisms
(i.e., paper scallops and sedimentary polychaetes) had 13C values similar to phytoplankton, as did
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Figure 3.3 Bi-plot of the stable isotope composition of scallops (Amusium papyraceum) and
infaunal polychaetes (Magelona sp., Levinsenia sp., and Lumbrineridae) collected near platforms
along with potential primary producers from August, September, and November of 2009.
Primary producers are expressed as means with error bars (±1 SD). Consumer data points
represent one individual.
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zooplankton (Figure 3.3).

15

N values varied among scallops and the three taxa of polychaetes

included in this study (Magelona sp., Levinsenia sp., and Lumbrineridae) and indicated that
Levinsenia sp. and Magelona sp. feed at higher trophic levels than Lumbrineridae and paper
scallops (Figure 3.3). Paper scallops were significantly different in both 13C and 15N values (ttest, p = 0.031 and 0.0001, respectively) at the two platforms studied; however, these means only
differed by 0.31‰. Compared to the difference among primary producers (approximately 4 5‰), this difference may not be biologically significant. Scallops collected > 6 km from
platforms were not significantly different in 13C from scallops collected 1.5 km from platforms
(t-test, p = 0.900), verifying that collections at 1.5 km distances from platforms represent
background conditions. The contribution of each basal resource to these nearby consumers was
estimated using IsoSource and broad ranges in phytoplankton contributions were observed for all
consumers. While minimum values were consistently 0, maximum values ranged from 85-99%,
indicating that phytoplankton can potentially dominate diets in the community near platforms
(Table 3.4). Epiphyte contribution estimates for scallops and polychaete consumers were also
broad, with all minimum values < 10% and maximum values up to 72% (Table 3.4). The
minimum estimates for red algae contribution to scallops and polychaetes included 0 with
maximum contributions estimated at 28-30%. An exception was the polychaete, Levinsenia sp.,
for which the estimated contribution of red algae ranged from a minimum of 15% and a
maximum of 42% (Table 3.4). A two-source mixing model (phytoplankton and epiphytes only)
was computed for those taxa with a minimum red algal contribution of 0. The lower 95%
confidence interval of the phytoplankton contribution estimate was 76% and 72% for scallops at
EI 325 and EI 346, respectively, while the upper 95% confidence interval was 100% (Table 3.3).
Epiphyte contribution to paper scallops was estimated between 0 and ~26%. The infaunal
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Stomach Contents

Benthos

-18.56 (± 0.34)

EI 346

-19.28
-21.71
-26.48
-15.97

Triggerfish Specimen 3
Triggerfish Specimen 4
Triggerfish Specimen 5

-20.73 (± 3.84)

Reef-Dependent Nekton (Mean)
Triggerfish Specimen 2

-19.57 (± 1.45)

Red Snapper
-20.20

-19.04 (± 0.68)

Rock Sea Bass

Triggerfish Specimen 1

-18.72 (± 1.45)

Atlantic Croaker

-18.17 (± 0.45)

Lumbrineridae
-19.14 (± 1.30)

-19.28 (± 0.34)

Levinsenia sp.

Reef-Associated Nekton (Mean)

-18.99 (± 0.67)

Magelona sp.

Infaunal Polychaetes

-18.87 (± 0.21)

EI 325

Amusium papyraceum

δ C

13

72

4.57

5.65

5.92

5.36

12.87

6.87 (± 3.39)

9.32 (± 2.34)

9.87 (± 1.52)

10.09 (± 1.13)

9.73 (± 1.78)
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13.36 (± 3.69)

6.01 (± 0.79)

7.61 (± 0.23)

6.15 (± 0.38)
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C
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0-89
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84-90

29-52

0-31

25-49
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11-39
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0-29

15-42
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0-28

0-29

88-97
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0-49
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0-52
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0-62

0-65

0-68

0-65

4-72

0-59

1-71

6-72

2-71

% contribution to diet
Epiphytes
Red Algae

Phytoplankton

8.56

10.81

6.26

5.31

3.63

--

4.95

3.74

4.32

--

--

--

--

--

--

Molar C:N
ratio

Table 3.4 Average δ13C and δ15N value ± 1 standard deviation for organisms collected within 250 m of platforms, 13C adjustment
values and the range of all possible contributions of phytoplankton, red algae, and epiphytic diatoms to the diets of each taxa based on
a three-source mixing model using IsoSource. If differences were found between replicate platforms, means from both are given. If
no differences were found, samples from both platforms were pooled.

polychaetes Magelona sp. and Lumbrineridae had lower 95% confidence intervals of 31% and
59%, respectively, for phytoplankton contribution, with an upper confidence interval of 100% in
both taxa (Table 3.3). Epiphyte contribution estimates ranged from 0 to 68% in Magelona sp.
and from 0 to 41% in Lumbrineridae.
The isotopic composition of the stomach contents of reef-dependent fish (those feeding
directly on the reef) and reef-associated fish (those feeding nearby the reef) were also compared
to platform primary producers (Figure 3.4). Stomach contents of reef-associated fish had an
average 13C value of -19.14‰ ± 1.28, a value similar to the range of phytoplankton values, while
the average 13C value of reef-dependent fish was -20.73‰ ± 3.84 (Table 3.3, Figure 3.4). The
standard deviation of reef-dependent fish was much higher than reef-associates (Table 3.3)
indicating that the reef-dependent gray triggerfish exhibit greater omnivory than reef-associated
fish, with values of individuals similar to those of red algae, epiphytic diatoms, and
phytoplankton. Using IsoSource, I found broad ranges of estimated contributions of
phytoplankton and epiphytic diatoms to reef-associated fish diets. Atlantic croaker and rock sea
bass dietary contributions ranged from 0 to > 90% for phytoplankton and from 0 to < 70% for
epiphytes. Minimum contributions of red algae in the diets of Atlantic croaker and rock sea bass
were 3% and 6%, respectively; maximum contributions were < 40% (Table 3.4). Red snapper
had similar phytoplankton and epiphyte contribution ranges to Atlantic croaker and rock sea bass
(Table 3.4). However, the range of possible contributions of red algae in the diet of red snapper
was 11-39%, indicating that red algae contribute as a basal resource in the diet of red snapper.
Molar C:N ratios of Atlantic croaker, rock sea bass, and red snapper gut contents were 4.32,
3.74, and 4.95; all values indicative of animal prey (~3.5). However, several individual red
snapper had ratios > 10, values indicating direct consumption of plant material in the last meal of

73

14.00
REEF-ASSOCIATED FISH

12.00

REEF-DEPENDENT FISH

δ15N (‰)

10.00
SURFACE
PHYTOPLANKTON
MID-WATER
PHYTOPLANKTON
BOTTOM
PHYTOPLANKTON
EPIPHYTIC ALGAE

8.00
6.00
4.00

RED ALGAE
2.00
0.00
-33 -32 -31 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21 -20 -19 -18 -17 -16 -15 -14 -13 -12

δ13C (‰)
Figure 3.4 Bi-plot of the stable isotope composition of the stomach contents of reef-dependent
(gray triggerfish) and reef-associated fish (Atlantic croaker, rock sea bass, and red snapper)
captured near platforms along with potential primary producers from August, September, and
November of 2009. Primary producers are expressed as means with error bars (±1 SD).
Consumer data points represent the stomach contents of one individual.
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these individuals (~10-20), most likely due to incidental ingestion through prey that recently
consumed algae.
Because triggerfish δ13C values of stomach contents were highly variable, the mean as
well as individual values were used in the IsoSource mixing models. Using the mean, broad
ranges of contributions were estimated for phytoplankton and epiphytic diatoms, while red algae
contribution was estimated to be at minimum 20% and at maximum 45% (Table 3.2). Specimen
1 and 3 had similar ranges as the mean and, therefore, also likely had some contribution of red
algae in their diets. Molar C:N ratios of specimen 1 and 3 were 3.63 and 6.26, respectively.
Specimen 2 had broad ranges for all sources and a molar C:N ratio of 5.31. Specimens 4 and 5
had very different ranges of contributions than any other organism analyzed. The δ13C value for
specimen 4 was very similar to red algae. The minimum estimate of red algal contribution was
84% and the maximum was 90%, suggesting that the last meal ingested by this individual was
dominated by red algae. The molar C:N ratio of this specimen was 10.81, a value within the
range of plant tissue (~10-20), suggesting that this individual consumed algal material directly.
Specimen 5 had a 13C value very similar to epiphytic diatoms. The minimum estimate for
epiphyte contribution was 88% and the maximum 97%, suggesting dominance of epiphytic
diatoms in the last meal of this individual. The molar C:N ratio of this specimen was 8.56, a
value more suggestive of consumption of plants than animals (predicted ratio of 3.5).
Because stomach contents only yield information of the last meal of an individual, I also
analyzed the corresponding muscle tissue to compare short- and long-term readings (Figure 3.5).
The muscle tissue of Atlantic croaker, rock sea bass, and red snapper had 1.3‰, 1.8‰, and 1.3‰
higher δ13C values and 3.1‰, 4.0‰, and 2.9‰ higher δ15N values versus stomach content
isotope ratios. Enrichment values were not calculated for triggerfish because of low replication
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Figure 3.5 δ13C vs. δ15N bi-plot of Stomach content ( ) and muscle tissue ( ) of (A) Atlantic
croaker (n = 107), (B) rock sea bass (n = 80), (C) red snapper (n = 38), and (D) triggerfish (n =
12).
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(< 3 corresponding stomach and muscle tissue) and high variability within stomach content
values. The patterns of Atlantic croaker, rock sea bass, and red snapper are similar and suggest
that variability in the diet of these individuals is low. The isotopic composition of the muscle
tissue in relation to the stomach contents of these individuals is consistent with the estimated
trophic enrichment in fish found by Fry (1988) using similar methods. Triggerfish stomach
contents and muscle tissues did not follow this pattern. Stomach content values are highly
variable in both 13C and 15N, while the muscle tissue is not. This suggests that individuals are
highly omnivorous and the muscle tissue represents an average of several food resources.
To determine if isotopic composition of consumers varies with distance from platforms,
the isotopic compositions of nekton muscle tissue (Atlantic croaker, rock sea bass, pancake
batfish, paper scallops), polychaetes (Magelona sp., Levinsenia sp., and Lumbrineridae), and
sediment samples were compared near (250 m) and far (1.5 km) from platforms. Neither 13C nor
15

N values were significantly different near to vs. far from platforms for all samples analyzed

based on paired t-tests (Table 3.5).

Table 3.5 P-values from a paired t-test on paired near and far data for Atlantic croaker, rock sea
bass, pancake batfish, paper scallops muscle tissue as well as infaunal polychaetes (Magelona
sp., Levinsenia sp., and Lumbrineridae combined) and sediment for both carbon and nitrogen
isotopic composition. n = 7, 10, 3, 19, 3, 16, respectively.

Atlantic croaker
Rock sea bass
Pancake batfish
Paper scallop
Infaunal polychaete
Sediment

δ13C ± 1SE (‰)
Near
Far
-17.4 (0.22) -17.2 (0.10)
-17.5 (0.26) -17.4 (0.16)
-16.7 (0.20) -17.0 (0.17)
-18.4 (0.09) -18.4 (0.09)
-19.2 (0.43) -19.0 (0.36)
-22.3 (0.55) -21.5 (0.05)
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δ15N ± 1SE (‰)
Near
Far
13.9 (0.22) 13.9 (0.23)
12.2 (0.52) 12.4 (0.22)
13.5 (0.06) 13.0 (0.30)
6.96 (0.14) 6.92 (0.15)
8.34 (1.01) 8.30 (0.70)
4.20 (0.27) 4.50 (0.23)

p-value (paired t-test)
δ13C
δ15N
0.370
0.932
0.424
0.613
0.116
0.344
0.613
0.479
0.294
0.963
0.146
0.184

3.4 Discussion
The introduction of oil and gas platforms in the Gulf of Mexico has facilitated the growth
of benthic primary production by adding a new substrate in the photic zone. Phytoplankton is an
abundant source of primary production in the Gulf of Mexico. However, terrestrial and salt
marsh derived carbon in coastal areas, as well as sediment-associated algae (microphytobenthos)
in shallower areas, can contribute to the diets of consumers in the Gulf of Mexico (Grippo et al.,
2011). My study site was approximately 70 km from the coast of Louisiana and in
approximately 90-100 m of water. Grippo et al. (2011) found no evidence for terrestrial or
marsh inputs at 25 km from the coast, and significant microphytobenthos production is unlikely
at the depths at my study site. Therefore, in the deep offshore areas sampled in this study, reefassociated benthic primary production and phytoplankton are the primary food sources available
to consumers. Benthic primary producers growing on platforms, including green and red algae
along with epiphytic diatoms, may be incorporated into the diet of reef-dependent and/or reefassociated organisms along with phytoplankton. Previous studies have shown that fouling algae
is a partial contributor to oysters and other hard-bottom epibiota diets along with phytoplankton
and seagrasses in coastal areas (Behringer and Butler, 2006; Doi et al., 2008; Fukumori et al.,
2008), but little is known about the role of primary producers on platforms. The goals of this
study were to determine 1) if organisms living and feeding directly on platforms have
contributions from platform-associated primary production in their diets, 2) if the contribution
extends into higher trophic levels within reef-associated predators that may be feeding on reefdependent organisms, and 3) the extent of any effect of platform basal resources in terms of
distance from platforms. I performed stable isotope analysis on both reef-dependent and reefassociated organisms to answer these questions.
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3.4.1 The Role of Benthic Algae
My results suggest that phytoplankton is the dominant basal resource for reef-dependent
organisms, and that red algae serves as a secondary source of production for particular organisms
in this system. I found contributions (> 10%) of platform-associated red algae in the diet of
several reef-dependent taxa (i.e., crabs, harpacticoid copepods, and some amphipods) as well as
red snapper and an infaunal polychaete (Levinsenia sp.) at distances of 250 m from the
platforms. However, these contributions were at maximum about 50% of the diet in these
consumers. Minimum epiphyte contributions greater than 10% were very rare (only in one
individual gray triggerfish stomach content sample and in barnacles which are disproportionately
abundant near the surface), suggesting a minimal importance of epiphytes as a food source in the
reef-dependent community. The reef-dependent species that contribute most to the biomass of
consumers (including suspension-feeding bivalves, polychaetes, some amphipods and predators)
did not have large contributions from reef-associated algae in their diets, but instead appeared to
rely on phytoplankton.
In this study, significant differences in isotopic composition were observed among the
available resources near platforms including red algae (most depleted in 13C), phytoplankton, and
epiphytes (least depleted in 13C). A water depth effect was also observed within phytoplankton
collections in which depletion in 13C was observed with an increase in depth (Figure 3.1 A).
This effect may be due to the degradation of phytoplankton by microbes as they sink in the
water-column (Nadon and Himmelman, 2006) or possibly the contamination of deeper samples
with resuspended sediment. The C:N molar ratios increased significantly with depth (p < 0.001,
Figure 3.1 B) with deeper samples depleted in carbon relative to nitrogen, suggesting
degradation. C:N molar ratios of the samples also indicated that sediment contamination was
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unlikely; values were similar to the expected ratios for phytoplankton (6.625, the Redfield ratio;
Redfield, 1934).
Using the average 13C values of the three potential basal resources, linear mixing models
were used to estimate the minimum and maximum contributions of each source to a consumer’s
diet. Consumer δ13C values were adjusted in the mixing model to account for trophic
enrichment.

13

C is typically enriched by 0.5-1‰ per trophic level in open-ocean systems.

Therefore, values were adjusted by 0.5‰ per trophic level, to avoid the bias towards red algae
that would occur if the adjustment value of 1‰ is an overestimation. Several reef-dependent
consumers (the crabs Pseudomedaeus agassizii, Pachygrapsus transverses, Teleophrys pococki,
Micropanope nuttingi, harpacticoid copepods, and stenothoidae amphipods) had minimum
values of red algae contribution > 10% (Table 3.2), indicating that a portion of their diet comes
from red algae. Many of the crabs are omnivorous and are capable of tearing and consuming
macroalgae directly, while stenothoid amphipods and harpacticoids are grazers and/or surface
deposit feeders/detritivores (Biernbaum, 1979; Azovsky et al., 2005); all fed as primary
consumers based on 15N. The maximum estimated contribution of red algae in these organisms
ranged from 38%-55%, indicating that red algae is an important but not likely dominant basal
resource of these consumers. Ranges of epiphytes and phytoplankton for these consumers were
broad with minimum estimates of 0 for both sources and maximum estimates of 46-63% for
epiphytes and 66-90% for phytoplankton.
Other smaller reef-dependent taxa with mouthparts likely unable to directly tear and
consume macroalgae, including melitid amphipods, syllid polychaetes, and suspension-feeding
barnacles and oysters, did not have distinct red algal contributions in their diets. Results of the
two source mixing model (including only phytoplankton and epiphytes) suggest that
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phytoplankton contributes, at minimum, 79% of the diets of oysters and syllid polychaetes.
Therefore, a trophic pathway based on phytoplankton production is available to organisms
closely associated with platform communities. Barnacles may have less of an influence from
phytoplankton, with estimated contributions ranging from 31-100%, while epiphytes may have a
larger role than in other suspension-feeders with a maximum estimated contribution of 69% from
epiphytes (Table 3.3). The blennies S. cristata and H. invemar also did not have distinct red
algal dietary contributions, even though they are known to feed both as predators and grazers of
macroalgae in other systems (Mobley and Fleeger, 1999). Consumers may select for
phytoplankton resources over red algae due either to increased availability or palatability (Kain
and Norton, 1990). The production of platform-associated algae may also be overwhelmed by
the large quantities of phytoplankton available to consumers. Beaver (2002) estimated that the
carbon fixation of benthic algae on platforms only accounts for 1% of the gross primary
production (GPP) and that the majority of the carbon on platforms is derived from external
phytoplankton resources. The production of secondary metabolites in several species of algae
(including red and brown) can reduce the palatability and deter grazers from foraging (Vallim et
al., 2007). However, there are seasonal shifts in algal composition on these platforms with green
algae likely the most abundant in the winter and spring and red algae most abundant in the
summer and fall (personal observation). Green algae generally lack chemical or physical
defenses and are, therefore, more susceptible to grazing (McConnell et al., 1982). Additional
research in other seasons is needed to compare the isotopic composition of green algae to
consumers. A seasonal change in isotopic composition of consumers with a seasonal change in
algal species composition would suggest dependence on benthic algae.
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Off-reef consumers, including paper scallops and most infaunal polychaetes, also did not
have distinct red algal contributions. Results of the two source mixing model suggest
phytoplankton is also the dominant resource of scallops and infaunal polychaetes (Table 3.3).
Platforms do not appear to affect the isotopic composition of nearby consumers via organic
inputs from reef-dependent communities. No distance effect was detected in the isotopic
composition of paper scallops, infaunal polychaetes, or demersal nekton (Table 3.5). The
organic inputs from the reef-associated community may either be localized to < 250 m or
insignificant due to dilution into the nearby sediments (see Chapter 2). Paper scallops have
limited mobility and suspension-feed from the water column. If organic matter from the
platforms has a unique isotopic composition (different than phytoplankton), then the muscle
tissue of scallops should have 13C values reflective of platform resources. This effect was not
observed, either because the platform signal is similar to phytoplankton or because of dilution of
the organic matter reaching the sea floor (~70 m deep) 250 m from the platform. Sampling
scallops closer to the platform would potentially resolve this issue. The isotopic composition of
scallops collected > 6 km from platforms was not significantly different than those collected 1.5
km from platforms, verifying the use of a 1.5 km distance as a representative of far or
“background” isotopic composition. Infaunal polychaetes are also a group with limited mobility
that could potentially integrate the isotopic composition of platform organic matter. However,
dilution may have also been an issue as well as the unique chemical and biological interactions
that occur in the sediment, but not in the water-column. For example, extremely high 15N values
were recorded for some deposit-feeding polychaetes. These polychaetes are not actually feeding
three to four trophic levels higher than other polychaetes, but instead are likely feeding on
enriched bacteria that have taken up enriched ammonia that is left behind as 14N is preferentially
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used in nitrification at the sediment surface (Cline and Kaplan, 1975; Peterson and Fry, 1987).
Nekton are highly mobile and the isotopic composition of their muscle tissue represents an
integration of food resources over time (months), making short-term feedings near platforms
difficult to detect. The average values for 13C (-17.4‰) and 15N (13.9‰) for Atlantic croaker
muscle tissue collected near and far from platforms were similar to those found by Grippo (2009)
in open waters in the Gulf of Mexico, which were approximately -16.5‰ (13C) and 13.3‰ (15N),
suggesting that scale was not the cause of the lack of distance effects in mobile fish.
3.4.2 Revision of the Production Hypothesis
The general assumption of the production hypothesis is that platforms facilitate the
growth of benthic primary production, which is thought to fuel the higher growth rates of
resident and transient nekton (Bohnsack, 1989). Suspension-feeding epibiota (i.e., oysters)
contribute to the majority of the biomass within platform communities (Gallaway and Lewbel,
1982) and appear to rely primarily on phytoplankton-derived resources. Suspension-feeders on
platforms likely graze on the phytoplankton passing by platforms, and the resulting secondary
production or feces and pseudofeces of these organisms may be consumed by reef-dependent and
reef-associated organisms. Consumers also may directly graze on phytoplankton that adheres to
the surfaces of epibiota. Beaver (2002) measured energy flow and production rates on two
platforms in the northern Gulf of Mexico and suggested that suspension-feeders on platforms can
assimilate the carbon (and therefore energy content) from the water-column and redirect it to
reef-dependent and-associated consumers. The high biomass of suspension-feeders on the
platforms sampled in this study along with their dependence on phytoplankton supports the
conclusions of Beaver (2002), and suggests that platforms may serve as a sink for primary
production.
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Further research is needed to directly test the hypothesis that platforms may be a sink for
primary production and not a source, as previously assumed. The use of highly enriched
isotopes to label the benthic algae accessible to platform consumers may yield more definitive
conclusions on phytoplankton contribution (Drake et al., 2009). Fatty acid composition can also
be a tracer used to determine the contribution of food resources to a consumer (Kharlamenko et
al., 2008). Energy flow estimations can be used to compare the rate of algae and epiphyte
production with the grazing rate or capacity of suspension-feeders as well as other consumers
(see Beaver, 2002).
The production hypothesis also assumes coupling between reef-associated and reefdependent organisms through trophic interactions. Several studies have tested this assumption
using traditional gut content analysis to determine if stomach contents consist of reef-dependent
organisms and found that sediment-associated prey are more important in the diets of reefassociated fish than prey from reefs (Lindquist et al., 1994; Wells et al., 2008).

13

C isotopic

analysis of the stomach contents of reef-dependent and reef-associated nekton revealed a reliance
on phytoplankton-derived resources for reef-associated Atlantic croaker and rock sea bass and on
a combination of phytoplankton- and benthic algae-derived resources in red snapper (reefassociated) and grey triggerfish (reef-dependent). Atlantic croaker and rock sea bass stomach
contents had broad range of phytoplankton contribution estimates (0-97% and 0-97%,
respectively) and very low ranges for red algae (3-33% and 6-35%, respectively) and epiphytes
(0-68% and 0-65%, respectively), suggesting little or no influence of platform-associated benthic
algae in their diets. Both Atlantic croaker and rock sea bass are considered opportunistic
demersal carnivores known to consume a variety of soft-sediment taxa including crustaceans,
polychaetes, and other fish (Overstreet and Heard, 1978; Ross et al., 1989). The stomach
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contents of red snapper and grey triggerfish had minimum contributions of red algae >10%. The
partial contribution of red algae to red snapper and grey triggerfish suggests that coupling of
platform resources and the nearby food web is possible, but is likely species-specific and minor.
Red snapper is known to seek refuge on platforms during the day and move away during the
night (Peabody and Wilson, 2006), presumably to forage. Though gut content analyses have
indicated that red snapper diets are dominated by off-reef prey items from nearby soft-sediments
(McCawley and Cowan, 2007; Wells et al., 2008), algae and potentially other reef-dependent
taxa may not be accurately represented using gut content analyses if they are quickly digested
within the guts of red snapper. Red snapper are opportunistic and may forage throughout the
day, taking advantage of reef resources during times of refuge (Outz and Szedlmayer, 2003).
C:N molar ratios of stomach contents suggest direct herbivory in several individual red snapper,
supporting the findings of the mixing model. While red snapper are not known to feed directly
on algae, results may be influenced by the indirect consumption of algae that may occur when an
individual ingests prey (i.e., reef crabs) that have recently consumed algal material. Results may
also be influenced by the adjustment calculations used in the mixing model. To account for
trophic enrichment, resource contribution estimates from mixing models are based on adjusted
13

C values. Though conservative enrichment estimates were used to calculate the adjusted values

(0.5 for 13C and 3.0 for 15N), an over-estimation of trophic enrichment would bias red algal
contributions. Isotopic composition of grey triggerfish stomach contents were variable, with
several values very close to red algae (-20.20‰, -21.71‰, and -26.48‰) and one value very
close to epiphytes (-15.97‰). Grey triggerfish are known to exhibit omnivory and can feed on
both soft-bodied and protected (i.e., barnacles and oysters) prey (Vose and Nelson, 1994). Molar
C:N ratios also suggest that individuals with high contributions of red algae and epiphytes have
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consumed plant tissue directly. The omnivory observed in the isotopic analysis of grey
triggerfish gut contents was not reflected in analysis of the muscle tissue. Though there is
evidence that grey triggerfish can and do ingest benthic algae from the platforms, they may not
assimilate nutrients from the algae in their muscle tissues. Also, since the muscle tissue isotopic
composition represents an average of the diet over several months, the evidence of the
omnivorous feeding of triggerfish may be lost when analyzing only muscle tissue. Stable isotope
analysis of gut contents along with muscle tissue can, therefore, yield useful and unique
information about the variability of the diet of consumers by analyzing the last meal ingested by
the organism as well as the long-term assimilated diet.
3.4.3 Platform Food Web Model
Based on the diet analysis in this study, there are potentially three food webs available to
consumers near platforms: (1) a platform food web composed of grazers and non-suspension
feeding organisms using a combination of benthic macroalgae, epiphytes, and phytoplankton as
basal resources, (2) a second platform food web composed of suspension-feeding oysters and
barnacles, primarily using phytoplankton from the water-column as a basal resource, and (3) a
background Gulf of Mexico food web composed of nekton and benthos not associated with
platforms which also use phytoplankton as a basal resource. To create a theoretical model of
these food webs, representative consumers from each were plotted on a δ13C vs. δ15N bi-plot
(Figure 3.6 A). Platform grazers/predators (non-suspension-feeders) include blennies,
amphipods, harpacticoid copepods, and crabs collected from platform surfaces. Platform
suspension-feeders include barnacle and oysters collected from platform surfaces. “Far”
consumers include Atlantic croaker, pancake batfish, and paper scallops collected approximately
1.5 km from platforms. Each shaded area was formed by encompassing all consumers of a food
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A

B

Figure 3.6 Hypothetical model of platform and regular GOM food webs. (A) δ13C vs. δ15N biplot of non-suspension-feeding platform consumers (filled circles), suspension-feeding platform
consumers (open squares), and background GOM representative consumers (open circle). The
hypothetical platform (shaded dark grey) and regular GOM (shaded light grey) food webs are
delineated with the “best-fitting” polygon. (B) δ13C vs. δ15N bi-plot of nektonic consumers in
which the food web classification is unknown along with the shaded polygons from (A). Lines
at the outer edges of each polygon demarcate the δ13C endmembers based on the respective δ15N
value of each consumer. Specific values of these lines are listed in Table 3.6.
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Table 3.6 δ13C values, the “platform” and “background” endmembers obtained from Figure XB,
and the minimum estimated food web contributions to red snapper, grey triggerfish, and rock sea
bass. Contributions obtained from the IsoError mixing model.
δ13C (‰)
Red Snapper
Grey Triggerfish
Rock Sea Bass

-18.1935
-17.8266
-17.5498

δ13C Endmembers (‰)
Platform
Background
-19.75
-16.25
-20.2
-16.65
-19.85
-16.35
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Food web Contribution Estimates
Platform
Background
55.5%
44.5%
33.1%
66.9%
34.3%
65.7%

web within the smallest polygon possible. The shaded polygons represent the area in which
values are expected to fall for consumers feeding within each food web. Suspension-feeders on
platforms had δ13C and δ15N values within the range of “Far” consumers and were therefore
included in the “background GOM” polygon (Figure 3.6 A). Modeling of the platform food web
in relation to a background food web in the GOM allows for further interpretation of δ13C and
δ15N values of the muscle tissue of nekton with unknown feeding locales. A two-source mixing
model can be used to quantify the relative contributions of each theoretical food web to unknown
nektonic consumer. The δ13C values at the outer edge of each polygon at the respective δ15N
level of each consumer can be used as endmembers in a 2-source mixing model. This method of
endmember determination yields a comparative estimate of food web contributions.
To test this hypothetical model, the isotopic composition of muscle tissue from red
snapper, rock sea bass, and grey triggerfish were imposed onto the model (Figure 3.6 B) and
analyzed using a two-source mixing model. Results were compared to the finding of the
isotopic analysis of the corresponding gut contents. Red snapper muscle tissue fell within the
range of the platform food web model, while rock sea bass and grey triggerfish muscle tissue fell
within the range of the background GOM food web model (Figure 3.6 B). Results of the mixing
model indicate that red snapper potentially have at least 55.5% contribution from the platform
food web (Table 3.6). The isotopic composition of the stomach contents suggested a partial
contribution of red algae into the diet of snapper (Table 3.4), so it is likely that red snapper are
feeding on platform-derived resources as the model suggests. Grey triggerfish and rock sea bass
have at least 33.1% and 34.3% contributions, respectively (Table 3.6). The mixing model
suggests a lower dependence of grey triggerfish on the platform food web than red snapper.
However, the isotopic composition of the stomach contents suggests that grey triggerfish have a
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greater dependence on platform resources, with individuals exhibiting direct consumption of
benthic algae from platforms. However, these stomach content isotope values were highly
variable and such omnivory was not reflected in the long-term view provided by the composition
of the muscle tissues. Rock sea bass also had a lower estimated dependence on the platform food
web than red snapper. Rock sea bass are reef-associated, but the isotopic composition of the
stomach contents suggests that their diets are dominated by phytoplankton-derived food
resources, so it is likely that they feed within a background GOM food web as the model
suggests. Overall, the model supported the finding of the gut content stable isotope analysis in
red snapper and rock sea bass, but not in grey triggerfish. The inconsistency between the model
and the stomach content isotopic analysis in grey triggerfish was due to the tissue types involved
in the analyses. Muscle tissues represent the diet of an individual over a longer time scale
(months) than stomach contents (hours) and therefore, isotopic analysis of muscle tissue in
highly omnivorous organisms may yield very different results than gut contents. While the
model appears to be effective for some nekton, it may not be applicable to highly omnivorous
organisms.
3.5 Conclusions:
Red algal contributed to a portion of the diet of several reef-dependent consumers.
However, it seems likely that phytoplankton is the dominant source of primary production in the
diet of most consumers observed in this study. Phytoplankton may be grazed by the high
biomass of suspension-feeders attached to platforms or may be accessible to consumers as it
adheres to the complex structures of platforms and epibiota as water passes by. Reef-dependent
suspension feeders have high rates of secondary production and egestion that may be passed on
to reef dependent consumers (Beaver, 2002). It is possible, then, that platforms are a sink for
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primary production and not a source. More evidence to support this hypothesis is needed, and
the implications of this idea could call for a revision of our understanding of the production
hypothesis in that in situ production may not increase growth rates, but instead concentrate
water-column primary production.
As a part of the rigs-to-reefs program (as outlined by Dauterive, 2000), decommissioned
platforms are converted into permanent artificial reefs to preserve the habitats that develop on the
structures during production. These habitats are thought to support higher densities of
commercially important fish as well as other nekton due to increased food resources (Bull and
Kendall, 1994; Gallaway and Lewbel, 1982; Stanley and Wilson, 1996; Stone et al., 1979). Food
resources include red, green, and epiphytic algae. In this study, platform primary production was
dominated by red algae, but was found to contribute only to a portion of the diet of reefdependent consumers. My data suggest that most of the carbon in consumers was derived from
phytoplankton captured by suspension-feeding biota, making platforms sinks for primary
production and not sources. As part of the rigs-to-reefs policy, decommissioned platforms are
either toppled or partially removed (top portion is removed and placed adjacent to the base),
reducing the height of the structures in order to avoid interference with vessels (Dauterive,
2000). In deep or highly turbid shallow water, the conversion reduces the surface area of hard
substrate reaching into the photic zone. If communities are highly dependent on in situ primary
production, then this policy could be potentially harmful to these communities. However, in this
study we did not find a high dependence on in situ benthic primary production in reef-associated
food webs. Instead, these communities seem to be driven mostly by phytoplankton as a basal
resource through assimilation by suspension-feeders. Fisheries-resource policies often manage
resources at platforms by assuming they increase fish production. My research does not
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invalidate this premise, but suggests a re-evaluation of the trophic pathways that lead to
increased fish production; however, critical data are needed before the production – attraction
debate is resolved.
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CHAPTER 4: SUMMARY AND CONCLUSIONS
4.1 Summary
Oil and gas platforms make up 4.1% of the hard substrate in the Gulf of Mexico (Stanley
and Wilson, 2000). Due to high densities of nekton near these structures, they are of high
interest to commercial and recreational fishermen. They are also hotspots for biodiversity,
contributing to increased species diversity in the northern Gulf. Platforms have been the focus of
many biological studies because the effects of these structures and their associated food
resources and environmental contaminants are poorly understood. With each new oil and gas
platform installation in the Gulf of Mexico, new hard substrate becomes available for
colonization of epibenthic organisms, including benthic primary producers (Gallaway and
Lewbel, 1982). In situ primary production along with reef-associated changes in sediment
composition, contaminant levels, predation pressure, etc. can have a variety of complex effects
on nearby communities (Kennicutt et al., 1996; Wheeler et al., 1980; Ambrose and Anderson,
1990; Stanley and Wilson, 1996). The overall goal of my research was to gain an understanding
of the spatial scale of any such effects, and to assess the role of in situ primary production in the
food webs of nearby consumers. Particular attention was given to the possibility that increased
predation from abundant reef-associated nekton may impact demersal or benthic populations.
In Chapter 2, I used trawls and ponar grabs to sample the demersal and benthic
communities both near to (250 m) and far from (1.5 km) four platforms (two standing and two
toppled) to determine if the abundance and diversity of organisms is altered by effects associated
with platforms. Community-wide (multivariate) analyses did not reveal a distance effect on
infaunal or demersal communities (Figure 2.3 D), even though communities varied with time of
day, and among individual platforms and seasons. Assessments of individual species
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abundances (using a mixed-model ANOVA) did not reveal a distance effect in squid, brown
shrimp, paper scallops, or infaunal polychaetes (Table 2.4 and 2.6). However, rock sea bass and
Atlantic croaker densities differed between near and far collections; statistically significant
increases in density of both species occurred near platforms. Mean density varied by 1.91
individuals per unit effort within Atlantic croaker and 0.29 individuals per unit effort within rock
sea bass (Figure 2.5 B). The abundances of common prey items of red snapper were not
depleted near platforms, suggesting that a foraging halo immediately surrounding isolated
platforms (at distances of 0.25-1.5 km) is not present.
In Chapter 3, I collected organisms attached to platforms as well as demersal and infaunal
organisms in near (250 m) and far (1.5 km) collections in order to assess the role of reefassociated primary production in the food webs of nearby consumers. Based on stable isotope
analysis, several reef-dependent organisms had partial dietary contributions of the red algae from
platforms. The crabs, Pseudomedaeus agassizii, Teleophrys pococki, and Micropanope nuttingi
(325 and 346), harpacticoids copepods and stenothoid amphipods had a minimum red algae
contribution between 12% and 22%, suggesting that red algae contributes to their diets.
Maximum contributions from platform-associated red algae were 40-53% suggesting that red
algae were not the dominant basal resource in these consumers. Other smaller taxa with
mouthparts likely unable to directly tear and consume macroalgae, including melitid amphipods
and syllid polychaetes, did not have distinct red algal contributions in their diets. Among the
reef-associated nekton only red snapper had evidence of red algal contributions (from 11-39%)
in their stomach contents. The influence of primary production from platforms appears to be
limited to < 250 m, as no distance effect was observed between near and far collections.
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4.2 Foraging Halo Hypothesis
I did not find evidence of a foraging halo around the platforms included in this study.
The most common prey of red snapper were not depleted in abundance near platforms. There
was also no depletion near platforms of the smaller demersal nekton or invertebrates from the
trawls or the infaunal invertebrates from ponar grabs. Near collections were taken 250 m from
platforms, a distance chosen based largely on logistical constraints. Therefore, it is possible that
prey depletion is limited to distances < 250 m from platforms, as these areas were not sampled in
this study. Future research should focus on shorter distances and, perhaps, smaller intervals
within these distances. Far collections taken at 1.5 km appear to be representative of background
abundances of this area in the Gulf of Mexico.
The platforms included in this study were relatively isolated (> 3 km to the nearest
neighbor). The size and intensity of foraging halos may vary between isolated platforms and
platforms with nearby neighbors. At grouped platforms (those with overlapping halos), an
increased area of prey depletion would require longer travel of reef-associated predators as they
forage for food. The higher energetic costs of foraging and possibly competition to reefassociated fish can result in lower fish abundance and site fidelity of red snapper (Lindberg et al.,
1990). Future research could perform similar analyses from my study on both isolated and
grouped platforms to determine if foraging halos extend further from platforms located close to
other platforms.
4.3 Revision of Production Hypothesis
The production hypothesis states that nekton growth and biomass increases near
platforms due to the food resources associated with platforms (Bohnsack, 1989). While my
research did not test this hypothesis, it suggests that a revision of our understanding about the
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food resources associated with platforms is in order. Benthic primary producers colonize the
hard substrates of platforms located within the photic zone. I found that several crab species and
other taxa with the ability to tear and consumer algae directly have partial contributions of this in
situ primary production in their diets. However, this contribution was rarely estimated to be over
50%, suggesting that other resources have dominant contributions. Red snapper stomach
contents also appear to have partial contributions of red algae, suggesting that the influence of in
situ algae, while species-specific, does extend to reef-associated consumers. The diet of
suspension-feeders, which dominate these communities in terms of biomass, appears to be
dominated by phytoplankton. Reef-dependent fish in the family Blennidae also appear to rely on
a phytoplankton-based food web, with little or no contribution from red algae. My research
suggests that reef-dependent organisms, along with other reef-associated predators are obtaining
carbon fixed by phytoplankton in the water-column via the consumption of suspension-feeders,
both in the form of secondary production and egested material that may be effectively trapped on
platforms. Future research focused on the energetic and production rates of these systems could
help verify the dependence of consumers on a phytoplankton–based food web.
4.4 Policy Implications
The current rigs-to-reefs policy facilitates the conversion of decommissioned platforms
into artificial reefs. This conversion is done in one of three ways: toppling in place, towing and
placing in a new location, or partial removal in which tops of platforms are removed and placed
adjacent to the base (Dauterive, 2000). All three methods reduce the height of the platforms,
keeping them from obstructing the travel of vessels. In deep water, this procedure results in the
reduction of benthic primary production due to the reduction of hard substrate within the photic
zone. In addition, those reefs in shallow turbid water may have reduced benthic primary
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production. If communities are highly dependent on in situ primary production, then this policy
could be potentially harmful to these communities. However, in this study we did not find a high
dependence on in situ benthic primary production in reef-associated food webs. Instead, these
communities seem to be driven mostly by phytoplankton as a basal resource through assimilation
by suspension-feeders. While the removal or collapse of the top portion of platforms will alter
the species composition of the communities as a result of removal of substrate from the photic
zone, the reduction in benthic algae should not affect the overall productivity of the system.
Suspension-feeders extend to at least 30 m from the surface (personal observation) and may
concentrate organic matter from the water column on toppled platforms as well. Fisheriesresource polices often manage resources at platforms by assuming they increase fish production.
My research does not invalidate this premise, but suggests a re-evaluation of the trophic
pathways that lead to increased fish production; however, critical data are needed before the
production – attraction debate is resolved.
The influence of platforms appears to be spatially limited based on the results of this
study. Contamination, organic inputs, and nekton biomass increases appear to be negligible at
250 m from platforms. No foraging halo was detected and no distance effect was observed in
stable isotope composition of neither organisms (infaunal and demersal) nor sediments. Though
the data of this study suggest little influence of platforms beyond 250 m, other studies (Montagna
et al., 2002; Peterson, 1996; Wilson-Ormond et al., 2000; Ellis, 1996) have had conflicting
results, suggesting that further investigation into this issue is necessary.
Oil and gas platforms are important to the Gulf both ecologically and economically.
Platforms contribute to the diversity of the Gulf because they introduce hard substrate in an area
generally characterized as having high silt/clay content with minimal topography (Rabalais and
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Boesch, 1987; but see Grippo et al., 2010) and facilitate the growth of reef-dependent organisms.
Platforms also support a large reef-associated community that consists of many commercially
important nekton, including red snapper, and are frequented by both recreational and commercial
fishermen. Platforms are both abundant and influential in the Gulf of Mexico. Therefore,
learning more about the biotic resources supporting these communities can lead to better policy
and management techniques.
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